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CORN BORER CONTROL WITH 
BACILLUS THURINGIENSIS BERLINER 1 ' 
2 
3 
Earle S. Raun 
ABSTRACT. Fourth- and fifth-instar larvae of the Euro-
pean corn borer (Ostrinia nubilalis (Hubner)) ceased 
feeding within 50 minutes and aied in 24-72 hours after 
eating food treated with Bacillus thuringiensis var. 
thuringiensis Berliner, without showing signs of total 
p a r a 1 y s i s . C o mm e r c i a 1 g r a nu 1 a r f o r m u la t i o n s of t h e 
crystalliferous bacterium controlled first-brood field 
infestations of the European corn borer as effectively 
as did recommended insecticides, but failed to satis-
f actor i 1 y cont r o 1 the second brood. Spray form u 1 at ions 
did not give satisfactory results. 
The bacterium, Bacillus thuringiensis var. thuringiensis Berliner, 
has been reported as showing promise for controlling the European corn 
borer, Ostrinia nubilalis (Hilbner), by several workers (Husz 1927, 1929, 
1930 ; Metalnikov and Chorine 1929; Chorine 1930). On the other hand, 
McConnell and Cutkomp (1954) and Hudon (1962) were not as certain of 
its value for control of the borers in the field. 
One of the problems in the use of ~ thuringiensis for corn borer 
control has been uncertainty concerning standardization of available 
preparations. G. T. York (unpublished data) in 1959 and 1960 obtained 
both good and poor control with granular and spray formulations of~ 
thuringiensis. The variability in control may have resulted from the 
variability in spore and paraspore concentrations in his formulations. 
LABORATORY TESTS 
Little is known of the effects of B. thuringiensis on the European corn 
borer. Heimpel and Angus ( 1959) described three types of reactions 
when insects ingest crystalliferous bacteria. Type I insects exhibit a 
total paralysis shortly after ingesting the spores and parasporal bodies. 
Type II insects exhibit a gut paralysis and death in from 2 to 4 days. 
Type III, represented by the Mediterranean flour moth, Anagasta kuhni-
ella (Zeller), shows an ability to withstand the paralytic action of the 
l Accepted for publication May 23, 1963. Journal Paper No.J--4549 of 
The Iowa Agricultural and Home Economics Experiment Station, Ames 
2 
Iowa. Project No. 1193. 
Mention of companies in this manuscript does not necessarily imply 
endorsement of their products by the U.S. Department of Agriculture. 
3 Research Entomologist, Entomology Research Division, Agric. Res. 
Serv., U.S.D.A. 
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toxin until the bacterial spores germinate in the midgut, invade the tissues 
and cause death. 
Fourth- and fifth-instar corn borer larvae were found to cease feeding 
in less than 50 minutes after eating an artificial diet treated with~· 
thuringiensis spores and paraspores. The larvae exhibited no signs of 
general paralysis, however, but became moribund and died within 24 to 
72 hours. The hemolymph of specimens examined at death was filled 
with vegetative rods. Nutrient agar cultures of the hemolymph usually 
showed no contamination with any bacterium other than B. thuringiensis. 
These observations indicated that the European corn borer reacts to this 
microorganism as a type II and type III insect. 
In both 1961 and 1962, commercial formulations submitted for testing 
were compared in the laboratory for potency against fifth-instar corn 
borer larvae. Formulations were diluted and prepared for ~ os in -
jections by the following procedure. One gram of the candidate formu-
lation was weighed, placed in a measured volume of distilled sterile 
water in a blender, soaked for 10 minutes and then homogenized for 5 
minutes. The homogenate was again soaked for 30 minutes and homoge-
nized for an additional 5 minutes. Desired dilutions were prepared from 
the resulting suspension by using the evaluation of the commercial con -
cern for original spore and paraspore counts as a base figure. 
Peros injections of 0. 01 cc of the various dilutions were given to the 
test larvae after the manner described by Raun and Brooks (1963). Mor-
tality data were recorded aftei; 24 hours (Table 1). 
Formulations tested varied in several ways. Granular formulations 
B and C were prepared by spraying an aqueous suspension of B. thuring-
iensis spores on attapulgus clay granules. These formulations contained 
20 and 10 billion spores and paraspores per gram of granules, respective-
ly. Granular formulations A and E were prepared by mixing bacterial 
spores and attapulgus clay into a slurry, extruding the mixture, drying it, 
and then sizing the particles. These preparations contained 20 and 10 
billion spores, respectively. Formulation D w as light and fluffy because 
the B. thuringiensis spores were carried on bran. This preparation con-
tained 20 billion spores and paraspores per gram. 
In addition to granules, laboratory mortality studies were made uti-
lizing spores of B. thuringiensis suspended in an emulsifiable oil. Ap-
parently the suspending oil did not affect the potency of the bacterial 
spores and paraspores (Table 1). 
The results of an evaluation of the physical properties of the formu-
lations used in 1962 are included in Table 2. No evaluation of this type 
was made for any of the granular formulations submitted for 1961 tests. 
Particle size was determined by weighing a measured volume of the 
candidate granule, and then placing the material in a set of U.S. Standard 
sieves. These were shaken mechanically for 30 minutes. The material 
retained on each of the sieves was weighed, and a percentage of the total 
was calculated. The data show that 63. 5 % of formulation B passed a 60-
mesh screen but was retained on the 30-mesh screen, whereas only 
34. 95 1o of formulation E was retained within this range. Research with 
4 Formulations supplied by Rohm and Haas Co., Pennsalt Chemical 
Corp., Bioferm Corp., and Grain Processing Corp. 
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Table I. Laboratory comparisons between strains of Baci I lus 
thurin9iensis from various formu I at ions. -1: 
24-hour larval mortalities (~ercent) 
Emu I . 
Calculated oi I 
dose spores/ a/ sus- Dist i 11 ed Jarva Ref.- Granule formu I at ion pension H 0 
(thousand} std. A B c D E c~eck 
1961 tests 
80 88 42 51 56 49 0 
60 60 0 
40 50 25 30 50 39 0 
20 25 0 
1962 tests 
100 70 50 60 0 
72 40 0 
50 50 50 20 0 
36 40 0 
25 0 30 0 0 
*Preparations administered ~ 22.. to fifth-instar larvae. 
~/A~· thurin9iensis spore concentrate containing 200 billion 
spores and paraspores per gram. 
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granular formulations of insecticides (Cox et al. 1956) indicated that the 
most effective range for particle size was 30-60 mesh. 
FIELD TESTS WITH GRANULAR FORMULATIONS 
Field evaluations of B. thuringiensis granules were carried on against 
both first- and second-brood borers. A commercial hybrid corn, planted 
early for the area, was used for first-brood tests, whereas late-planted 
corn was used for second-brood plots. The corn was planted with a drill 
in 40-inch rows. Plots were two rows wide with an untreated guard row 
on either side. They were replicated four times, and the treatments were 
randomized. 
Table 2. Properties of granular formulations of Bacillus thuringiensis used in 1962 
laboratory and field tests against the European corn borer. Ankeny, I01Na. 
Viable spores U.S. Standard sieve sizes 
range~/ >30 mesh 30-40 40-50 50-60 <66 mesh 
Formulation (thousand/gm) (gm) (%) (gm) (%) (gm) {%) (gm) (%) (gm) {%) 
B 
E 
19,500-22,700 62 
9,000-15,000 242 
21. 6 
50.2 
73 
95 
25.6 
19.7 
49 
56 
17.2 
l l. 6 
59 
17 
20.7 42 
3.5 72 
Settling rate in 10 cc water in 50-ml beaker. One gram of each granular formulation. 
Granule B required 110 seconds to wet and settle to the bottom. 
Granule E required 15 seconds to v1et and settle to the bottom. 
Breakdown in 10 cc water in 50-ml beaker. One gram of each granular formulation. 
Granule B. Approximatel y 50% disintegration in 5 minutes, 100% in 27 minutes. 
Granule E. Approximately 50% disintegration in 2 minutes, 100% in 3 minutes. 
14.7 
14.9 
~/Made by an adaptation of the plate cell-counting technique recommended by the Society 
of American Bacteriologists (Manual of Microbiological Methods. McGraw-Hill, 1957). 
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The granular materials were applied with a fluted-feed, two-row 
applicator mounted on a high-clearance, self-propelled vehicle. The 
plots were treated on June 26, 1961 and June 20, 1962 for first-brood 
borer control. Second-brood plots were treated August 15, 1961, and 
August 10, 1962. At the time of first-brood treatments the plants ex-
hibited 75% and 64% leaf feeding in 1961 and 1962, respectively. Second 
brood treatments coincided with early egg deposition on late planted corn. 
The first-brood treatments were evaluated by splitting plants in each 
plot from the tassel to the ground and recording the number of cavities. 
Second-brood treatments were evaluated by splitting the three internodes 
above and three internodes below the ear. In all treatments each year 
20 plants were split from each plot, except for the first brood test in 
1961 when 25 were split from each plot. The results obtained are pre-
sented in Tables 3 and 4. 
Table 3. Control of first-brood European corn borers in field corn 
with one application of Bacillus thuringiensis granules. 
Viable Dosage Cavity 
spores per acre reduction 
F o rmu 1 at i on (bi 11 ion/gm) (pounds) (percent) 
June 1961 tests 
~- thurin9iensis 
A 20 15 78.8 
B 22 15 81. 8 
c 10 20 86.9 
D 20 15 89.9 
DDT 10% 10 91. 9 
Junel962 tests 
~- thu ring i ens is 
B 20 15 84.5 
E 10 20 55.7 
DDT 10% 10 73.2 
146 EARLE S. RAUN 
Table 4. Control o f second-brood European corn borers in field 
corn with one application of Bacillus thuringiensis 
granu I es. 
Formulation 
B. thuringiensis 
B 
c 
D 
DDT I 0% 
!· thuringiensis 
B 
DDT I 0% 
Endr in 2% 
Endr in 4% 
Viable 
spores 
(bi 11 ion/gm) 
Dosage 
per acre 
(pounds) 
August 1961 tests 
22 15 
JO 20 
20 15 
JO 
August 1962 tests 
20 25 
JO 
12.5 
6.25 
Cavity 
reduction 
(percent) 
20.0 
8.8 
0 
48.4 
43.7 
3.5 
41. 3 
39.6 
FIELD TESTS WITH SPRAY FORMULATIONS 
Three types of sprayable formulations of Bacillus thuringiensis were 
tested in 1962. These were: (1) an emulsifiable oil suspension containing 
4 pounds of B. thuringiensis (72 billion spores per gram) per gallon of 
oil, (2) a wettable powder containing 70 billion spores per gram, and (3) 
an undiluted spore powder containing 150 billion spores per gram. Since 
~ thuringiensis is commercially produced in a fermentation process, it 
was assumed that the undiluted spore powder should wet and suspend with-
out the addition of wetting agents. 
Field applications of the spray materials were made at 45 p. s. i. For 
first-brood applications two flat-fan nozzles were positioned over each 
row and directed toward the whorl of the corn plant. Four nozzles were 
aimed to deliver the sprays at the ear and ear zone for second-brood ap-
plications. A high-clearance vehicle carried the spraying equipment. 
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First-brood field tests with the sprayable materials we re applied to 
field corn in the whorl stage on June 19 when the corn showed 6411oleaf 
feeding. Plots were similar to those used for first-brood granule treat-
ments. 
Table 5 gives the results of the first -brood tests as evaluated by 
splitting the stalks and recording the cavities 27 days after the appli-
cations. Control of the borer with a single spray of~ thuringiensis was 
unsatisfactory. The emulsifiable oil suspension performed as well as 
the spore powder. There was no evidence of phytotoxicity by the emulsi-
fiable oil formulation. 
Table 5. Control o f ; irst-brood t::uropean corntD r cr"':, in f i e ld 
corn vii t h on e application o f Ba c illu s thu rinq ien s is 
spray appl id Jun e 19, 1962. 
Viabl c 
spo r es 
Formulation (b i 11 i on /gm ) 
B. thu1·in9iensis 
Spore powder 150 
Emulsifiable oil 
suspension 72 
DDT emulsion 25'/{, 
Activ e. 
ingredi en t Spray 
pe r acre 
(pound s ) 
l. 5 
2.0 
l. 5 
pe r a c r e 
( gal Jon s ) 
10 
10 
10 
Cavity 
r eduction 
(p e rc ent) 
22.9 
24.7 
75.6 
One of the interesting observations of this test was that the undiluted 
spore powder caused no application problems. 
The second-brood spray applications were designed to: 
( 1) Develop an application of ~- thuringiensis which would protect 
market and canning sweet corn from borer attack. 
(2) Determine the value of a spreader-sticker in B. thuringiensis 
spray programs for borer control. 
(3) Compare w ettable-powder and emulsifiable oil-suspension formu-
lations of ~- thuringiensis with suspensions prepared with pure spore 
powder of the Bacillus. 
(4) Compare insecticide and ~ thuringiensis formulations for the 
control of European corn borers. 
A commercial variety of sweet corn was used for the second brood 
plots, which we re laid out in the same fashion as granule treatments. 
Treatrre nts were randomized and replicated six times. 
Second-brood materials were applied at the rate of 40 gallons per 
acre. The first application w as made on July 26 when 30 10 of the silks 
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had emerged and tassels were beginning to shed pollen. Three additional 
applications were made at 4-day intervals. 
On July 26 it became obvious that the wettable-powder formulation of 
B. thuringiensis could not be applied at the 40-gallon-per-acre rate. The 
material did not suspend well and quickly clogged the nozzles. This 
treatment was therefore dropped from the experiment. No difficulties 
were experienced in applying any of the other formulations. 
The spreader-sticker used in some of the applications is an amine 
stearate solution. It was added to some of the spray formulations ac-
cording to the directions of the manufacturer.~:~ 
To insure a uniform infestation of European corn borers, plants were 
artificially infested with two egg masses per plant. These were placed 
on the flag leaf of the ear. Ten plants received two egg masses 24 hours 
before the second spraying and 10 plants received two masses 24 hours 
after the last application. 
Evaluation of the results of the applications were made by examining 
a total of 40 ears per plot for borer injury. {Twenty ears from plants 
naturally infested, and 10 ears from each of the two groups of plants re-
ceiving egg masses.) The dosages used and the results of the treatments 
are given in Table 6. 
RESULTS OF FIELD TESTS 
Bacillus thuringiensis granules gave reductions of from 55. 7% to 89. 9% 
in the number of cavities in the stalks when applied against first-brood 
borers (Table 3 ). There were no significant differences between the re-
sults from granule formulations used in 1961 although differences in re-
sults between formulations B and E in 1962 were significant when Dun-
can's multiple range test {Duncan 1955) was applied. All granular formu-
lations gave control of the borer equal to DDT in first-brood tests. 
The second-brood data (Table 4) show that B. thuringiensis granules 
controlled43.7% of the borers in 1962. This was a higher dosage than 
that used in 1961 when 0, 8. 8, and 20%of the larvae were killed. Although 
satisfactory control was not provided, the results in 1962 were as good 
with microbial materials as with insecticides. 
Granular formulation and particle-size distribution appeared to play a 
part in the results obtained with~ thuringiensis. The poorest results 
were obtained against first-brood borers in both 1961 and 1962 with the 
same type formulations (A and E) which were prepared in slurry fashion. 
Formulations prepared by spraying a spore suspension on granules gave 
uniformly good results against first-brood borers. The poor results with 
formulation E, used in 1962, may be partially due to the granule-size 
distribution (Table 2) which departed considerably from the 30-60 mesh 
usually used. 
Results of the tests with sprayable ~ thuringiensis (Table 6) indicated 
that: 
( 1) Spray treatments with Bacillus thuringiensis failed to provide suf-
ficient protection of the ears from corn borer attack. Statistical evalu-
~:~ Fison's Pest Control Limited, England. 
Table 6. Protection of sweet corn ears from European corn borer attack by multiple sprays 
of Bacillus thuringiensis.* 
Percent clean ears 
Active Average 
Viable ingredient Artificially infest ed control 
spores per acre Natural Before Af ter over check 
Formulation (billion/gm) (pounds) infestation 2nd spray last spray (percent) 
B. thu ring i ens is 
Spore powder 150 2.0 90.0 55.0 35. 1 15.4 
Spore powder plus 
spreader-sticker 150 2.0 93.3 46.6 34.7 15.7 
Emu 1 s i f i ab 1 e o i l 
suspension 72 2.0 81. 7 50.0 33.3 8.7 
DDT emulsion 25% - 1. 5 98.3 62. I 71. 9 30.0 
Check 
- -
78.3 25.0 27.8 
"l':Sprays applied July 26, 30, August 3, and 7, 1962. Borer infestations from 
natural oviposition, two egg masses per ear before second spray, and 
two masses per ear after last spray. 
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ation showed that all treatments were significantly better than the check 
but none were as good as DDT. 
(2) The spreader-sticker used did not enhance the control obtained 
with_;§__. thuringiensis spray. 
(3) There was no significant difference in the control of borers by 
powder suspensions and the emulsifiable oil suspension of ~ thuring-
iensis. 
~Pure spore powders make a superior spray suspension to the 
wettable powders tried. 
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SMALL MAMMAL PREY OF SOME OWLS WINTERING IN !OW A 
Milton W. Weller and Leigh H. Fredrickson 
Iowa State University, Ames, Iowa 
and Fred W. Kent 
State University of Iowa, Iowa City, Iowa 
ABSTRACT. Sm a 11 ma mm a 1 prey of three species of win -
tering owls was investigated in east-central Iowa. 
Pellets were collected periodically and analyzed dry 
to separate recognizable remains. Seven species of 
mammals were recorded and the dominance of meadow-
mice (Microtus pennsylvanicus and M. ochrogaster} 
indicated peak population levels of these species. 
Mammal trapping in the owl roosting areas produced 
quite different data on species composition of the mam-
malian fauna than was implied from the remains in owl 
pellets. 
Winter congregations of raptors are common in areas of high rodent 
populations and have been recorded for various species since the 14th 
centur~(Reed, 1959). The usual prey species in the northern hemisphere 
are small microtines which undergo periodic changes in population levels 
and attract predators during the high point in the cycle. Such a concen-
tration of owls was discovered during the winter of 1960-61 in the area 
of the newly impounded Coralville Reservoir in Johnson County, Iowa. 
The three species of owls noted were the Long-eared Owl (Asio otus}, 
Short-eared Owl(Asio flammeus}, and the Saw-whet Owl(Aeg~ acadi-
cus}. Three to six short-ears roosted in fields of tall grass and forbs 
while the five to eight long-ears and one or two saw-whets utilized conif-
erous trees, either red cedar(Juniperus virginiana) or pine (Figs. 1,2,3). 
A preference by Long-eared Owls for conifers has been noted by numer-
ous authors. A significant aspect of the location of roosts of long-ears 
was that any grove of dense cedar, even those in open country, was util-
ized. 
METHODS 
Pellets were collected periodically from January 18 to April 16, 1961. 
All pellets were removed from the roost area at each collection so that 
only fresh pellets, representing the time interval between visits, were 
collected. Counts were made of birds in the roosts but the accuracy of 
these undoubtedly varied. 
Pellets were analyzed dry by separating the bones from tbe hair. 
15 2 WELLER, FREDRICKSON and KENT 
Fig. 1 Grove of red cedar trees at Macbride, Iowa, used as a roost 
si.te by Long-eared Owls. 
Fig. 2 Pines at Macbride, Iowa, used as roost sites by both Long-eared 
and Saw-whet Owls. 
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Bones were used for determination of the species and number (when possi-
ble) of prey items i n each pellet. Data were analyzed in two ways: ( 1) 
per cent frequency of occurrence of a prey species in the total number of 
pellets examined, and (2) the per cent which each species constituted of 
all identified prey indiv iduals enumerated without regard to the number of 
pellets. These methods ten d to giv e an appraisal of both the regularity 
with which an item was taken (frequency of occurrence) and the per cent of 
the total individuals which a prey species represented. Thus an item 
could appear in 9 of 10 pellets and have a frequency of occurrence of 9 0 
per cent but still represent only 9 of 18 prey items found to constitute 
only 50 per cent of the total enumeration. 
Small mammal trappin g was carried on during two periods in March 
and totaled 492 trap-nights in the areas of the owl roosts. It was hoped 
that the abundance of various species could be related to food found in the 
pellets. Because one roost of Long-eared Owls and the Saw-whet Owl 
roost were at the edge of a woods, some trapping was done in both open 
fields and woods. 
RESULTS 
Data from the analysis of 330 Long-eared Owl, 70 Short-eared Owl, 
and 27 Saw-whet Owl pellets are presented in Table 1 by per cent frequen -
cy of occurrence of prey items in the total number of pellets examined. 
Monthly totals also are shown for Long-eared Owls to demonstrate season-
al variation in diet. 
Seven species of small mammals were taken as prey but the high pro-
portion of meadowmice (Microtus pennsylvanicus and 1!.: ochrogaster) in 
the diets suggested that microtines were experiencing a period of great 
abun dance. Although the sample si ze is small, Microtus a ppe ars to be a 
more frequent prey item in the diet of Short-eared than Long-eared Owls. 
This may be attributed to the more diurnal feeding habits of Short-eared 
Owls since Microtus are more lik ely to be taken during the day than are 
the other small mammals found in the area. The diet of saw-whets was 
restricted to white-footed mice ( Peromyscus spp. ) although they are 
know n to utilize the same foods as do Long-eared Owls. (Randle and Aus-
ting, 1952). 
Some seasonal variations in food habits is suggested in data for the 
Long-eared Owl. There is a slight decrease in utilization (or avail-
ability ? ) of Microtus with corresponding increase in harvest mice 
(Reithrodontomys megalotis) and birds. 
In order to check the accuracy of the conclusions suggested by the fre-
quency of occurrence analysis (Table 1), the data for the Long-eared Owl 
also were analyzed by species composition of the total identified small 
mammal remains without reference to the number of pellets involved 
{Table 2). This system probably places emphasis on larger species which 
are best preserved and most easily identified. However, such enumer-
ation figures are more comparable to data on species composition of t h e 
prey population. By comparing Tables 1 and 2, it can be seen that both 
methods show the preponderance of Microtus in the total diet, a seasonal 
..... 
U1 
~ 
Table 1. Per Cent frequency of occurrence of prey items in Long-eared Owl pellets collected during winter 
and spring, 1961. 
Long-eared Owl 
~ 
Date Number Reithro- Uni dent , M 
Collected Pellets Microtus dontomys Peromyscus Mus Blarina Sore.x Mammals Birds t-' 
t-' 
M 
Jan. 18,22 163 97 10 7 1 -1 -1 -1 -1 }d 
Feb. 10,15,26 75 91 12 21 - - - 4 - l-%j ?::l 
M 
Mar. 11,24 54 83 26 ll - - 19 2 ti 
?::l 
H 
Apr. 1,4-16 38 82 21 8 - - - 11 5 () ~ 
(/) 
Jan. 18 - 0 
Apr. 16 330 92 14 ll 1 1 -1 5 1 z 
Pl 
::s 
Short-eared Owl p... 
~ 
Jan. 22 - M z 
Mar. 31 70 99 ll 6 - -1 - 13 1 1-3 
Saw-whet Owl 
---
Jan. 18 -
Feb. 10 27 - - 66 - - - 33 
Ta ble 2 . Per Cent and number of each prey items in the total identified mammals enumerated from pel l e t s . 
.h.<!..1.~_c:_ar ed Ow 1 
Da t e Num0er 
Collec t ed Pe llets 
- ----- ----
Jan. 163 
Feb. 75 
Mar. 5t'.f 
Apr. 38 
Totals 33 0 
Shor_t~.::_~_Eed Owl 
Totals 70 
Saw-whet Owl 
Totals 21 
Total !dent. 
.!_ndiv_.___ Microtus 
247 86 (213) 
121 77 ( 93) 
76 71 (54) 
51 74 (38) 
495 8 J (3 98) 
liJO 86 (86) 
19 
Reithro-
~on~_!Il..Y...§. Feromyscu~ Mus Blarina Sor ex 
---
(18) 5 (12) 1 (2)' -1 (1) -1 (1) 
8 (l l)) 13 (16) - 2 (2) 
20 (15) 8 (6 ) 1 (1) 
18 ( 9) 6 (3) - 2 (1) 
ll (52) 8 (3 7) ]_ ( 2) 1 (5 ) -1 (1) 
8 (8) 5 (5 ) 1 (1) 
lQi j (1 9) 
~ 
::i> 
~ 
~ 
::i> 
t"' 
't:J 
::a 
M 
>-<: 
0 
fTj 
0 
~ 
t"' 
Ul 
._. 
U1 
U1 
Table 3. A comparison of species composition of small mammals captured in snap traps and found in owl pellets. 
CAUGHT IN SNAP TRAPS !__<?:.___NO. OF .. TOTf:~-~DE~_!JilDIV_:_ 
Species Catch Catch Total fo of Long-eared Short-eared Saw-whet 
in in Total 
Woods Fields Catch Catch Owl <Jwl _ _QNl _ _ 
----
Peromyscus 13 2l~ 37 L!-6 8 (37) 5 (5) l J,J (1 9 ) 
Reithrodontomys 0 3 7 37 11.6 11 (5 2) 8 (8) -
Microtus 0 5 5 6 8 0 (398) 86 (86) -
Mus 0 2 2 2 -1 (2) -
Blarina 0 0 0 (J 1 (5) 1 (1) -
Sor ex 0 0 0 0 -1 (1) - -
--- -- - ----
Total 13 68 81 100 100 (4 95) 100 (1 00 ) l 1J O (1 9 ) 
l1l 
a--
~ 
M 
~ 
~ 
M 
~ 
t-Ij 
::u 
M 
t1 
::u 
H () 
~ 
Ul 
0 
z 
Ill 
:::i p.. 
~ 
M 
z 
f--3 
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decline in the proportion of microtines taken with a concurrent increase 
in numbers of Reithrodontomys. 
Data obtained from small mammal trapping is summarized in Table 3. 
Peromyscus was the only mouse taken in the woods while Peromyscus, 
Reithrodontomys megalotis, Microtus pennsylvanicus, . M . . ochrogaster 
and Mus musculus were taken in open fields. As pointed out by Randall 
and f..usting (1952) and Getz (1961), the prey items clearly show that de-
spite the woodland roosting and nesting habits of the Long-eared Owl, it 
feeds mostly, if not entirely, in open fields. The limited diet of the Saw-
whet Owl suggests that feeding occurred mainly in the woods since common 
small field species like Reithrodontomys were not taken. 
In comparing species composition of mammals from trapping data and 
from the pellet analysis, some conspicuous differences are apparent 
(Table 3). Surprisingly, microtines made up only 6 per cent of the total 
catch despite their prevalence in the pellets. Similar but less distinct 
iiifferences were recorded by Pearson and Pearson ( 1947) for Barn Owls 
{~ alba). However, excellent agreement between trapping and pellet 
data was found for Short-eared Owls by Lockie (1955). Several expla-
nations for the differences in the catches in this study are possible: First, 
microtines may not be taken in traps as easily as are Peromyscus and 
Reithrodontomys so that the trap data are not representative of the small 
mammal population. In this regard, it is notable that neither Blarina nor 
Sorex were taken in the traps but they were taken by the owls. Secondly, 
it is possible and probable that the large and dark-colored microtines are 
more conspicuous targets than are Peromyscus or Reithrodontomys. This 
generalization probably would be true whether feeding is done by sight or 
acoustic orientation. Hence, they would be more available prey items. 
This does not imply that the Microtus population was not high, during the 
winter because runways and burrows were exceedingly conspicuous. How-
ever, signs were not especially fresh during the mammal trapping in 
March and it is possible that the population was declining but that the owls 
took them out of proportion to their abundance. A similar conclusion was 
reached by Errington(l932}who found that Long-eared Owls had approxi-
mately the same proportion of Microtus in the pellets over a three year 
period despite considerable change in prey population levels. 
To appraise the adequacy of the small monthly samples in measuring 
the species of prey taken, the first 150 Long-eared Owl pellets, all from 
January 18, were examined and data were recorded in order of processing. 
The data are plotted in groups of 10 to show the cumulative effects of in-
creasing sample size on the accurate recording of prey species {Figure 
4). This graph suggests that at least 75 pellets must be examined to have 
all 8 prey items represented but that 30 would suffice if an accuracy of 85 
per cent was satisfactory. In examining the records closely, it was ob-
served that 7 prey items were represented in the first 25 pellets. If it 
were assumed that any 25 pellets could be picked up and analyzed, would 
there be sufficient variation in number of prey items represented to allow 
false conclusions? To appraise this problem, data were tabulated in 
groups of 25 pellets. These data also are shown in Figure 4. Not only is 
there a variation from 4 to 7 but only one group of 25 had 7 prey items 
and none had 8. Moreover, all eight were not represented in any group 
of 50 pellets but were found in the first 75 pellets. However, the second 
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Fig. 3 Abandoned field adjacent to woods used by the Long-eared and 
Saw-whet Owls. Small mammals were trapped in both the 
woods and field. 
75 had only 4 prey items present. Thus, it is clear that groups of 25-50 
pellets will show only major food items which are sufficiently common to 
be taken with a frequency of occurence of 8 or 10 per cent. It is, there-
fore, probable that the monthly analysis of Long-eared Owl pellets, and 
the data for Short-eared and Saw-whet Owls (Table 1) did not adequately 
access the presence of the less common species. 
The analysis of a series of small groups also sheds some light on a 
second problem concerning the accuracy of the seasonal change in fre-
quency of occurrence as suggested in data for the Long-eared Owl (Table 
1). When analyzed in groups of 25, considerable variation occurred in 
the per cent frequency of occurrence of a common prey item such as Mi-
crotus (92-100%). However, the variation was greater in less common 
species such as Reithrodontomys{4-12%) or Peromyscus {4-16%). There-
fore, it is probably dangerous to assume real differences in frequency of 
occurrence from small sample sizes unless these differences exceed 10 
or 12 per cent. This figure is exceeded in data for seasonal changes in 
prevalence of Microtus and Reithrodontomys {Table 1) so that a real 
change in diet is suspected. 
The number of prey items per pellet is of interest in relation to the 
size of the species consumed. In this study, pellets of both Long-eared 
and Short-eared Owls averaged 1. 6 prey items per pellet. Elton, Davis 
8 
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Fig. 4 An analysis of the influence of sample size on prey species re-
presented in the pellets ( · ----- ·} and the variation in prey 
items present in each group of 25 pellets (x--x). 
and Findley (1935) found 3. 3 prey items per Short-eared Owl pellet on a 
diet of a small microtine (Microtus agrestis) and shrews. Hendrickson 
and Swan (1938), dealing with a population of Short-eared Owls which fed 
mostly on Peromyscus, found approximately 2. 5 prey items per pellet. 
However, when the prey population was more comparable to conditions in 
the present study, Snyder and Hope (1938) and Reed (1959) found an aver-
age of about 1.5 items per pellet and Kirkpatrick and Conaway (1947} 
found 1. 65. For Long-eared Owls, Birkenholz ( 1958} found an average of 
1. 7 and Armstrong (1958) found 1. 6 prey items per pellet with a smaller 
proportion of Microtus than in the present study. Thus, it seems ap-
parent that pellet formation is mainly influenced by volume, rather than 
number, of prey items. 
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ABSTRACT . T h e g e n u s I l n a c o r a i s k n o w n o n l y f r o m N o r t h 
America. Descriptions are given for ten n ew sp e cies , 
making a total of 17 known sp ec i e s for th e genus. New 
Ilnacora are albifrons from Io wa , S. Dak., Ka ns ., Colo., 
T exas , Wyo., and Wash.; vittifrons from Iow a , Kans., 
S. Dak., N. D ak., and Wyo.; dr eis bachi, schaffneri, 
and r ec urvata from Mexico; arizonae , santacatalinae , 
nicholi, and spicata, from Arizona; furcata from Ari-
zona and New Mexico. Illustrations are provid e d for 
male genital segm ents and claspers of 14 species , a lso 
a k ey for females. 
The genus Ilnacora R eut e r (1876) was es tablished with the descriptions 
of two species, Ilnacora (Ilnacora) divisa R e ut., and Ilnacor a (Corinala) 
stalii R e ut. The subg enus Corinala has not been recogniz ed by subse -
quent workers. The genus Ilnacora is distinguished by the presenc e of a 
black spot behind each pronotal callosity, the spot compos e d of thickly 
matted, black scale like hairs; a lso a sizeable spot on bas e and mesal 
line of the scutellum, composed of similar black hairs. The disk of 
corium also b e ars black scalelike hairs , often grouped to form a spot or 
patch, but such may b e rubbed off, Leaving little e videnc e of a spot except 
in malina Uhler, dr ei sbachi, schaffneri, and recurvata, where a fuscous 
spot remains in the cuticula that produce d the black pub escenc e . D e -
scriptions of these black spots on pronotum and scute llum may not b e 
repeated when describing other species of the genus. 
For distinguishing species of Ilnacora the male genital s egm e nt with 
claspers and tergal process furnish the best characters. The form of 
the right clasper is sufficient for identification of species but the t e rgal 
proces s gives additional characte rs, simple in some species but quite 
fantastic in others. The tergal process is d e veloped upon th e poste rior 
edge of t e rgal sclerite of the genital segment , for which examin e the 
illustrations . To simp lify the drawings only the post e rior edge of the 
tergal s lcerite is shown along with the distinctive structure. Tergal 
proc esses a r e found in some related gene ra, as in Ps e udopsallus and 
several species of M e lanotrichus and Lopidea . In presenting figures of 
Ilnacora structur e s an outline of the genital s egm ent is shown for four 
species along with the t erga l process , to show position of the claspers. 
162 HARRY H. KNIGHT 
The Left clasper is drawn for dreisbachi to show the position it takes, 
which is similar in other species. While the Left clasper shows specific 
characters it must be dissected out for purposes of comparison. Figures 
of the right clasper are shown from the posterior or postero-Lateral as-
pect, pres·enting the structures to best advantage for comparison of the 
prongs, hooks and other projections that distinguish different species. 
Nearly all of the figures were made without removal of the genital seg-
ment from the specimen, so comparisons can be made for identification 
purposes without mutilation of specimens. 
When using the key to determine Ilnacora females it is necessary to 
use an eye-piece micrometer in the binocular microscope. Measure-
ments of the first antennal segment must be done precisely; Locate the 
narrow constriction just above the bulbous enlargement which fits into 
antennal socket, and measure from that point to apex of segment. Width 
of vertex is taken to be the shortest distance between inner margins of 
the eyes which can always be measured exactly. 
Ilnacora divisa Reuter (Fig.10) 
1876 ~ra (Ilnacora) di visa Reuter, Ofv. K. Vet. -Akad. Forh. 
32(9):86. --
1941 llnacora divisa Knight, Bul. ILL. Nat. Hist. Surv., 22(1):83, 
F. 120. 
The identity of this species troubled early Hemiptera workers, prob-
ably because there were at Least two unnamed species confused with it. 
When Mr. W. L. McAtee visited European museums in 192 7 to study 
Hemiptera types, he very kindly made some type comparisons of Miridae 
for the writer. I sent to him a male specimen of what I thought might be 
Ilnacora divisa Reuter and in return received this note: "The genitalia 
of your male specimen and the type are the same. Types from Texas, 
ld' 1<f. 11 These types in the Naturhistoriska Riksmuseum, Stockholm. 
The original description covers some points that are really distinctive 
and useful in a key, of which we quote: "antennis lutescentibus, articulo 
primo annulo basali apicalique et articulo secundo basi nigris." We give 
a redescription of the species as follows. 
Male. Length 4. 9 mm, width 1. 5 mm. Head: width . 95 mm, vertex 
. 45 mm; lower half of face except sutures, blackish, yellowish above 
except for black Lines; median Line of frons, a small quadrate spot above 
base of each antenna, and from this an oblique Line extends to join the 
median Line of frons, black. Antennae: segment I, Length . 41 mm, yel-
lowish, base and apex blackish; II, 1.43 mm, brownish yellow, blackish 
on base, fuscous before apex; III, 1.09 mm, yellowish; IV, .65 mm, 
fuscous. Rostrum, length 1. 02 mm, reaching to base of middle coxae, 
yellowish, apex blackish. 
Pronotum: Length . 71 mm, width at base 1. 26 mm; generic spot be-
hind callus relatively small, width . 21 mm, composed of thickly set, 
black scale Like hairs, in rubbed specimens the spot may disappear; 
median Line of disk with a Line of black scale like hairs extending from 
anterior margin to three-fourths of the distance to basal margin; disk 
rather thickly clothed with prominent, erect white hairs; color green, 
the calli yellowish. Scutellum with black spot on base of median Line, 
covered with black, scale like hairs. Hemelytra blue green, in part 
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subtranslucent; membrane uniformly fuscous, veins yellowish; clothed 
with suberect white pubescent hairs, intermixed with black scalelike 
hairs, in part grouped into small patches, but no regular pattern. Ven-
ter and thorax beneath, black. Legs yellowish, femora greenish, pig-
ment coagulated into patches, tibiae more yellow, tarsi blackish. Male 
genital segment and claspers distinctive of the species (Fig. 10). 
Female. Length 5 mm, width 1. 73 mm. Head: width 1. 02 mm, ver-
tex. 54 mm. Antennae: segment I, length. 47 mm; II, 1. 56 mm; III, 1. 22 
mm; IV, . 68 mm. Pronotum: Length . 78 mm, width at base 1. 36 mm. 
Coloration and pubescence very similar to the male. 
Specimens examined: IOWA: 2cfo n~ July 10, 1953, Ames (H. H. 
Knight). lcf June 10, 2~~ Aug. 7, 1929, Ames (H.B. Mills). 2n June 5, 
1929, Ames (H.A. Stabe). ~Aug. 4, 1895, Ames (E.D. Ball).~ July 20, 
1928, Amana;~ Aug. 5, 1927, Stanhope;~ July 26, 1928, W e stfield (G. 0. 
Hendrickson). cf July 30, 1928, Kelso;~ July 26, 1928 LeMars (G. 0. 
Hendrickson). ILLINOIS: cf July 7, 1892, Galesburg (Stromberg); other 
records in "Miridae Illinois" (Knight, 1941). COLORADO: ~ July 13, 
1901, Palmer Lake (E.D.Ball). KANSAS: Riley County,~ June 28 (G.A. 
Dean), ~July (Popenoe), cfJune 20, (Kimball). MINNESOTA: ~ June 27, 
1921, Marietta (H. H. Knight). ~ June 19, 19 22, Ma rs hall ( C. E. Micke 1). 
MISSOURI: 2~~ June 27, 1915, Atherton (C. F. Adams). SOUTH DAKOTA: 
~Aug. 19, 1927, Custer (H.H. Knight). 2cfcf 3~~ June 24, 1926, 2c!cf l~ 
Aug. 17, 1927, Elk Point (H. C. Severin). ~ June 11, 1949, Jefferson 
(Slater and Laffoon). ~ June 16, 1901, Brookings. TEXAS: Types, 1 cf 
l~, collected by Belfrage. 
llnacora nigrinasi (Van Duzee) 
1916 Orthotylus nigrinasi Van Duzee, Proc. Cal. Acad. Sci., 
(Ser. 4) .§.:104. 
1959 Ilnacora nigrinasi Carvalho, Cat. Miridae, Pt. III, p. 78. 
(Knight records) 
When the writer studied the Van Duzee collection in 19 31, notes made 
at that time state: 11 This is an Ilnacora. 11 The type is a female speci-
men, badly rubbed when collected, with most of pubescence gone which 
may account for Van Duzee placing the species in genus Orthotylus. The 
pronotal black spots having shed the black scalelike hairs, Leave only 
fuscous spots in the cuticula to indicate the true relationship. Unfortu-
nately, no measurements were made of antennal segments and vertex so 
we cannot key the species on that basis. 
From the original description we quote: 11 Size and form, about, of 
viridicatus, the head a little Larger and the eyes larger and more promi-
nent; color pale green, the green on the elytra segregated, leaving clear 
spaces; first antennal joint biannulate with black, the apex of the head 
consp\cuously black. Length 4 mm. to t_ip of membrane. 11 Also 11 Apex 
of head deep black, polished-Antennae pale -the first joint black at 
base with a broad blac~ ci.nnulus just before apex; second narrowly black 
at base and dusky towa'rd the apex." Described from one female taken 
at El Paso, Texas, August 31, 1911 (F. Payne). 1 
This description of the antennae fits the species di visa Reut. perfectly, 
also agrees in having black on lower half of head. Van Duzee does not 
mention a black mark above base of antenna which is present on divisa 
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Reut. Possibly nigrinasi may prove to be a second species with yellow-
ish antennae, first segment biannulate with black, and second segment 
b Lacki sh at base, but a male with different genital claspers must be found 
to prove it. We wait with keen anticipation the study of more llnacora 
material collected in the vicinity of El Paso, Texas. 
llnacora chloris {Uhler) (Fig. 8) 
1877 Sthenarops chloris Uhler, Bul. U.S. G e ol. Geo gr. Surv. 1:419. 
1894 llnacora chloris Uhler, Proc. Cal. Acad. Sci., (ser. 2) i_:268. 
With the original description of this species Uhler mentions specimens 
taken at Manitou Park, Colorado, and a single specimen from Colorado 
Springs, which must be regarded type localities for the species. The 
original description mentions: 11face black, highly polished, the superior 
cheeks green. rr The juga were called superior cheeks by Uhler, and it 
turns out the color of the juga give a distinctive character for recognition 
of the species. In the study of a large series of specimens from the 
mountains of Colorado we find the juga are never black, but range in 
color from white to yellowish and green. A redescription of the species 
follows. 
Male. Length 4. 3 mm, width 1. 5 mm. Head: width . 81 mm, vertex 
. 42 mm; tylus, lower edge of fron s, and lora shining black, juga white 
to yellowish and green; vertex and frons yellowish to white, median Line 
on frons and vertex, an arcuate Line from above antenna! socket, joining 
the median line at top of frons, black; greenish yellow along front mar-
gins of eyes, also extending beneath and across dorsal margins of lora 
and genae. Rostrum, length 1. 12 mm, reaching upon apex of middle 
coxae, brownish to black. Antennae: segment I, length . 37 mm, black; 
II, 1. 29 mm, cylindrical, black; III, 1. 02 mm, slender, black; IV, . 41 
mm, black. Pronotum: length . 68 mm, width at base 1. 16 mm, green 
to blue green, collar black, calli and anterior margin pallid; pronotal 
spots round, diameter . 1 7 mm, covered with black scale like hairs, easily 
lost but black shows on the cuticula; perfect specimens show black scales 
on median line. Pronotum, scutellum and hemelytra clothed with erect 
and suberect white hairs, intermixed with small groups of appressed, 
black scalelike hairs. Scutellum with characteristic black scaled spot 
on median Line at base, its apex reaching to middle. 
Hemelytra blue green, costa and narrow margins of cuneus, white; 
membrane fuscous, somewhat paler on middle, veins pallid. Venter, 
sternum and bases of coxae, black; sides of venter with a white or pallid 
area. Legs yellowish to greenish, tarsi fuscous. Genital claspers and 
tergal process distinctive of the species (Fig. 8). 
Female. Length 4. 25 mm, width 1. 6 mm. Head: width . 85 mm, 
vertex . 47 mm. Antennae: segment I, length . 37 mm, black; II, 1. 29 
mm, black; III, 1. 02 mm, black; IV, . 42 mm, black. Pronotum: length 
. 68 mm, width at base 1. 19 mm. Color and pubescence very similar to 
the male; a few specimens may have th3 median line of frons obsolete. 
Specimens examined: COLORADO: 56 c!c!Cf.Cf Aug. 7, 1925, Stonewall, 
alt. 8500 ft., near Trinidad (H. H. Knight); found breeding on Golden 
Aster (Chrysopsis bakeri Green). le! 4Cf.Cf Aug. 20, 22, 1925, Pingree Park; 
2c!c! !Cf Aug. 10, 1925, Fort Garland (H.H. Knight}. cf July 13, 1901, 
Palmer Lake (E. D. Ball). cf July 11, 1932, Conejos County. 2c!c! l~ 
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Aug. 2, 1931, Rocky Mt. National Park {H. C. Severin). NEW MEXICO: 
lo" l~ June 7-17, 1916, d' July 7, d' July 12, 1919, Jemez Springs {John 
Woodgate). WYOMING: ld' l~ July 30, 1927, Sundance {H.H. Knight). 
llnacora schaffneri new species {Fig. 7) 
Allied to chloris Uhler, very similar in color, but differs in length of 
first antennal segment which is equal to width of vertex between eyes; 
also differs in the three branched tergal process and in basal fork of the 
right genital clasper. 
Male. Length 4. 8 mm, width 1. 7 mm. Head: width . 85 mm, vertex 
.47 mm; black, shining, juga greenish yellow, frons chiefly black but 
with small yellow spot each side of median Line; vertex pallid but with 
black median Line, the pale color bordering inner margins of eyes and 
more narrowly beneath eyes. Antennae: segment I, length . 4 7 mm, 
black; II, 1. 73 mm, cylindrical, black; III, 1. 36 mm, black; IV, . 57 mm, 
black. Pronotum: length . 78 mm, width at base 1. 30 mm, disk green, 
generic spots slightly Longer{. 24 mm) than broad {. 1 7 mm), median line 
between caLLi with distinct Line of black, scalelike hairs, collar black; 
clothed with erect white hairs and intermixed with black scalelike pubes-
cence similar to that on hemelytra. Scutellum with typical black spot at 
base on median line. Membrane dark fuscous, veins green. Venter, 
thorax beneath and coxae except apices, black. Legs green to yellowish, 
tarsi and tips of tibiae fuscous. Genital segment, claspers and tergal 
process with three blades, distinctive of the species {Fig. 7). 
Holotype: c! July 28, 1959, Francisco I. Madero, Alt. 6500 ft., Hidal-
go, Mexico {J.C. Schaffner); author's collection. 
Named for the collector, Joseph C. Schaffner, my latest graduate 
student, and perhaps my last one, who is rapidly becoming a good 
authority on Hemiptera. 
Ilnacora albifrons new species {Fig. 12) 
Allied to divisa Reut. but distinguished by structure of the male 
claspers, also by the white head and black first antennal segment. 
Male. Length 4. 5 mm, width 1. 5 mm. Head: width . 88 mm, vertex 
. 44 mm; chiefly white, eyes dark brown, gula, spot on base of tylus, and 
short inark on median line of vertex, fuscous. Antennae: segment I, 
length . 41 mm, black; III, 1. 23 mm, fuscous brown, blackish on basal 
area; III, . 98 mm, fuscous; IV, . 3 7 mm, fuscous. Rostrum, length . 95 
mm, greenish white, apex blackish, reaching upon base of middle coxae. 
Pronotum: Length. 72 mm, width at base 1. 26 mm; generic spots round, 
diameter . 136 mm, spots and median line between calli thickly set with 
black scale Like hairs; disk Light blue green, calli, anterior margin and 
collar white. Dorsal surface including heme lytra, clothed with semi-
erect white pubescent hairs, black scalelike hairs sprinkled in small 
patches, the inner basal angle of cuneus with a Larger, distinct patch; 
scutellum with the characteristic black spot on middle of base. Mem-
brane pale fuscous, cells nearly clear, veins greenish. Venter and 
sternum black, legs pale to greenish, tarsi fuscous. Male genital seg-
ment and claspers distinctive of the species {Fig. 12). 
Female. Length 4. 3 mm, width 1. 56 mm. Head: width . 92 mm, 
vertex . 51 mm; white, gula, spot on base of tylus, and median mark on 
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vertex, fuscous as in the male. Antennae: segment I, Length . 37 mm, 
black; II, 1.18 mm, slightly more slender than the male, fuscous brown, 
blackish for a space at base; III, . 88 mm, fuscous brown; IV, .40 mm, 
fuscous. Pronotum: Length. 68 mm, width at base 1. 30 mm. Coloration 
and pubescence very similar to the male. 
Holotype: cf July 24, 192 7, Emery, South Dakota {H. H . Knight); au-
thor's collection. ALLotype: same data as the type. Paratypes: 7 def 
8 ~~. collected with the type. IOWA: 6~~ July 31, 1928, Council Bluffs 
{G. 0. Hendrickson). 4cfcf 4~~ July 24, 1928, Gitchie Manito State Park 
{G. O. Hendrickson); adults and nymphs taken on fetid marigold {Dys sodia 
papposa). COLORADO: ~Aug. 24, 1925, Estes Park {H. H. Knight). 2~~ 
Aug. 26, 1925, Sterling {H. H. Knight). 2~~ June 7, ~ June 12, Fort Col-
lins (E. D. Ball). ~ June 28, 1904; 2cfcf June 24, 1920, Fort Collins. 
cf Aug. 15, 1935, Fort Collins {H. Ruckes). cf Sept. 1898, cf June 6, 2~~ 
July 22, 1900, Denver {E.D. Ball). le! June 10, 1900, Fort Lupton;~ July 
23, 1900, Palmer Lake {E. D. Ball). KANSAS: cf 2 ~~ . Trego County; 
cf Aug. 18, Riley County {G.A. Dean). OKLAHOMA; cf May 15, 1939, 
Stillwater {K. C. Emerson). OREGON; cf July 16, 1896, Corvallis. 
SOUTH DAKOTA: le! l~ Aug. 19, 1927, Custer; le! l ~ July 24, 1927, 
Kennebec {H. H. Knight). le! 10 ~~ June 28, 29, 1923, NewerL; cf 2~~ June 
23, 1923, Philip;~ June 25, 1923, Rapid City;~ June 20, 1939, Wessing-
ton Springs {H. C. Severin). TEXAS:~ Sept. 16, 1928, Amarillo (R. K. 
Fletcher). WYOMING; cf July 31, 1927, Moorecroft {H.H. Knight). 
WASHINGTON: 2cfcf 3~~ June 20, 1927, Grand Coulee {W. Downes). 
Ilnacora vittifrons new species {Fig. 9) 
Allied to di visa Reut. but distinguished by form of the ma le c laspers, 
also differs in pattern of black Lines on frons, and black antennal seg-
ments. 
Male. Length 4. 8 mm, width 1. 6 mm. Head: width 1. 02 mm, vertex 
.57 mm; black below eyes and antennae, vertex and frons pallid except 
for black Lines; a mesal line on frons but sometimes fading on base, 
mesal Line on vertex before carina, and heavy_znark above base of each 
antenna, joining to form arcuate line across base of frons, black. An-
tennae: segment I, . 476 mm, black, often fades to pale yellowish on 
basal half of dorsal surface; II, 1. 56 mm, cylindrical, black, in pale 
forms more brownish on apical half; III, 1. 28 mm, black; IV, .44 mm, 
black. Rostrum, length 1. 20 mm, reaching upon apex of middle coxae, 
yellowish, apical half blackish. Pronotum: length. 71 mm, width at base 
1. 29 mm. Pronotum, scutellum, and hemelytra are very similar in 
color and pubescence to albifrons described above. Venter and thorax 
beneath, black; legs including coxae greenish yellow. Genital segment 
and claspers distinctive of the species {Fig. 9). 
Female. Length 4. 9 mm, width 1. 6 mm. Head: width 1. 04 mm, . 
vertex . 61 mm. Antennae: segment I, length . 44 mm, blackish, dorsal 
surface paler on basal half, more blackish at base and apex and entire 
ventral surface; II, 1. 41 mm, black, brownish on middle one-third; 
III, 1. 20 mm, fuscous; IV, . 64 mm, fuscous. Rostrum, Length 1. 30 mm, 
reaching upon apex of middle coxae; s Lightly· longer than in ~albifrons • 
Pronotum: length . 71 mm, width at base 1. 30 mm. 1¥.'ery similar to the 
male in color and pubescence. 
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Holotype: cf July Z9, 1927, Deadwood, South Dakota {H. H. Knight); 
author's collection. Allotype : same data as the type. Paratypes: le! l~, 
taken with the type. IOWA: cf July Z, 1897, Little Rock {Herbert Osborn). 
cf July Z6, l 9Z8, Lemar s {G. 0. Hendrickson). 4~~ June 10, 1949, Sioux 
City (Slater and Laffoon). cf J~ne 17, 1957, Zele! July 13, 1949, Stone State 
Park, Sioux City {Jean L. Laffoon). 4c!c! Z ~~ June 6, 1960, Lo es s bluff 
near Turin, Monona Co. {J.C. Schaffner and D. Deonier). KANSAS: cf 
June Z8 {Kimball), cf July 1 7 {Popenoe), cf Aug. 4 {G.A. Dean), Riley Co. 
SOUTH DAKOTA : 5c!c! June l Z, 1936, le! 3 ~~ June Z4, 1935, Newton Hills, 
near Canton; ~ June Z4, 19Z3, Rapid City {H. C. Severin). cf June 19, 1930, 
Wewela {Gilbertson). NORTH DAKOTA: Zele! l ~ July lZ, 19ZO, Cass Co.; 
cf July 14, 1920, Kidder County {A.A. Nichol). WYOMING: Zele! l~ July 
ZO, 1927, Sundance {H.H. Knight). 
Hnacora spicata new species {Fig. 11) 
Related to nicholi, with color and pubescence much the same, but 
distinguished by structure of the male claspers and tergat process. 
Male. Length 4. Z mm, width 1. 4 mm. Head: sidth . 78 mm, vertex 
. 41 mm; black, shining, vertex and sides of frons with greenish yellow, 
vertex black on median Line, a projection of that on frons. Antennae: 
segment I, Length . 4Z mm, black; II, 1. 53 mm, cylindrical, black; 
III, 1. 34 mm, black; IV, . 61 mm, black; segment I just equal to width of 
vertex. Rostrum, Length 1. 36 mm, slightly surpassing tips of middle 
coxae, yellowish, apex blackish. Pronotum: Length . 7Z mm, width at 
base Z. 1 mm; greenish yellow, anterior margin and collar above, pallid; 
generic black spots slightly Longer (.18 mm) than broad (.14 mm). Scu-
tellu m with basal spot triangular in form, its apex just attaining middle. 
Dorsal surface greenish yellow, clothed with simple, suberect white 
hairs, interspersed with appressed, black scalelike hairs. Hemelytra 
subtranslucent, disk of corium with an ovate patch of black, scalelike 
pubescence; membrane fuscous, veins greenish in color. Venter, and 
thorax except pronotal disk, black. Legs including coxae, uniformly 
greenish yellow, tips of tarsi fuscous. Genital segment with ctaspers 
and tergal process distinctive of the species {Fig. 11). 
Female. Length 4. 9 mm, width 1. 5 mm. Head: width. 8Z mm, ver-
tex . 44 mm. Antennae: segment I, length . 44 mm, black; II, 1. 6Z mm, 
cylin drical, black; III, 1. 36 mm, black; IV, . 62 mm . Rostrum, Length 
1. 46 mm, reaching upon apex of hind coxae, yellowish brown, apex 
blackish. Pronotum: Length . 8Z mm, width at base 1. ZO mm; black 
scale like hairs form a distinct median Line on disk. Color and pubes-
cence very similar to that of male. 
Ho lo type: cf Aug. Z9, l 9Z5, alt. Z400 ft., Tucson, Arizona {Andrew 
A. nichoL; author's collection. Allotype: taken with the type. 
Hnacora recurvata new species (Fig. 13) 
Allied to malina Uhler and spicata, but distinguished by male genital 
claspers and the tergal process. 
Male. Length 5 mm, width 1. 4 mm. Head: width . 88 mm, vertex 
. 41 mm; uniformly black, shining, carina and basal edge of vertex, nar-
rowly bordering margin of eyes, yellowish green. Antennae: segment I, 
Length . 54 mm, black; II, broken. Rostrum, Length 1. 36 mm, reaching 
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upon hind coxae, yellowish, apex blackish. Pro notum: Length . 74 mm, 
width at base 1. 41 mm; generic spots nearly quadrate in form , median 
Line of disk bearing black, scalelike hairs from collar to near basal 
margin; pal e greeni sh , calli and anterior margin more pallid. Dors a l 
surface clothed with erect , stiff white hairs, interspersed with more 
appr e ssed, black scalelike hairs. Scutellum w i th black scalelike hairs 
forming a rath er broad vitta from base to a p ex . H eme lytra greenish, 
apical half of corium fuscous and largely covered with black scalelike 
hairs; subtranslucent, embolium pallid, membrane dark fuscous, veins 
greenish . V ente r and thorax beneath, including the propleura, black. 
L egs, including coxae, pallid to greenish yellow, tarsi fuscous. Genital 
segment, claspers and tergal process distinctive of the species {Fig.13). 
Female. L ength 5. 5 mm, width 1. 8 mm. H ead : width . 88 mm, ver-
tex .47 mm; black, the vertex black, only the carina green. Antennae: 
segment I, Le ngth . 55 mm, black; II, 1. 76 mm, slender, cylindrical, 
black; III, broken. Pronotum: Length . 85 mm, width at base 1. 50 mm. 
Color and pubescence very similar to the male. 
Holotype: c:! Oct. 10, 1957, Oxumbilla, Hidalgo, Mexico {R. and K. 
Dr eisbach); author's collection. Allotype: Cf , same data as the type. 
The type specimen is slightly teneral, perhaps the tergal proc e ss 
twisted slightly out of normal position, but shape of structure is distinc-
tive. Specimen was poorly mounted, with genital segment partly imbed -
ded; thus the drawing of right clasper may not be the correct width on 
bas e , but the apical half with recurved hook is correct, the view unob-
structed {Fig. 1 3). 
Ilnacora furcata new species (Fig. 14) 
Keys out in the couplet with chloris Uhler, but separate d by the p a l e 
and black marked tylus; distinguished by the male claspers and tergal 
process. 
Male. Length 5 mm, width 1. 5 mm. H ead : width . 84 mm, vertex 
. 44 mm; yellowish, vitta on basal half of tylus, Lora and gula, black; 
median Line on vertex and basal half of fr01~s, black, a lso an arcuate 
black Line across base of frons and extending down each side to base of 
antenna. Antennae: segment I, Length .41 mm, black; II, 1.56 mm, 
cylindrical, black; III, 1.22 mm, black; IV, .44 mm, black. Rostrum, 
Length 1. 22 mm, yellowish, apex black, reaching upon apex of middle 
coxae. Pronotum: length. 74 mm, width at base 1.26 mm; disk yellow-
ish green, anterior margin more pallid, collar black; propleura blackish, 
ventral margin pallid; generic spots rounded, diameter .14 mm. Scutel-
Lum with triangular black spot on middle of base, its apex barely reaching 
center of disk. Dorsal surface clothed with white , suberect pubesc ent 
hairs, interspersed with black scale like hairs, similar to chloris Uhler; 
color uniformly greenish, membrane pale fuscous, central area and the 
aeroles paler, veins pallid. Ventor and thorax black , legs yellowish 
green; coxae, tarsi and tips of tibia e fuscous. Distinguished by structure 
of the genital claspers and tergal process (Fig. 14). 
F ema le . L ength 4. 9 mm, width 1. 8 mm. Head: width . 87 mm, 
vertex .476 mm. Antennae: segment I, Length .44 mm, black; II, 1.60 
mm, black; III, 1. 26 mm, black; IV, . 51 mm, black. Pronotum: Length 
. 78 mm, width at base 1. 36 mm; Lateral margins of disk moderately 
sulcate. Color and pubesc e nc e very similar to that of the male. 
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Holotype: cf A ug . 18, 192 7, Socorro County, New M exic o (L . D. Ander -
son); author's co ll ec tion . A llotyp e : s a m e d a t a a s the type . P a r a typ e s: 
5cfcf, 9 <f<f take n with the ty p e s . ARIZ O NA: 3'?'? , Arizona, 188 3 (H . K . 
Morrison ) ; C orne ll U nivers ity Collec tion. 
Ilnacora nicholi new sp e cies (Fi g . 2) 
A llied to dreisbachi, simi lar in a ppearan ce , but distinguished by the 
male ge nital claspers and t e r ga l process . 
M ale . L ength 4. 7 mm, widt h 1. 43 mm . Head : width . 86 mm , v e r -
t ex . 41 mm; black, shining, ve rtex pallid, but the m e di a n line and c a rina 
black . Antennae: s egme n t I, l e n gth . 44 mm, black; II , 1 . 7 mm , b la c k; 
III , 1.4 mm, b lack; IV, . 61 mm , black . Rostrum, le ngth 1. 40 mm, 
reaching upon apex of hind c oxae , y e llowish, apex fuscous. P ronotum : 
length, . 8 1 mm, width at base 1. 22 mm ; gene ric black spots nearly 
quadrate , slight ly Longer t han w ide , median Lin e indicated by b lack sca le -
like hairs ; disk ye llowish green, calli more ye llow , collar p a le a bove. 
Scute llum with triangu lar black spot on base , its a p ex reaching middle of 
disk. Dorsal surface clothed w ith m ostly suberect, pallid pub escent 
hairs, a nd inte rsp ersed with small pat c h e s of b lack scale like hairs. 
H eme lytra yellowish green, subtrans lucent; disk of c orium with oval or 
s l i ghtly irregular pat c h of black sca l e Lik e hairs , a small p a t c h on par a -
cune us; membrane fuscous , s l i ghtly pale r on middle and within areole s , 
veins p a l e to greenish . V e nt e r and thorax b e ne a th , including propleura , 
black. Legs g r eenish y e llow, coxae pallid, tips of t a rsi fuscous . G e nita l 
s egment with c lasp e rs and tergal proc es s distinctiv e of the sp e c i e s 
(Fig . 2). 
F e male . L ength 4 . 7 mm , width 1 . 5 mm. H ead: . 78 mm, vertex 
. 42 mm; vertex and frons broadly y e llowi sh, m e dian line of frons and a 
r a y above base of ante nna , fus cous . Ant e nnae: s egme nt I , Le ngth . 4 7 
mm, black; II, 1. 63 mm, black; III, 1. 36 mm , b lack; IV , . 68 mm, fus -
cous . P ronotum : Length. 81 mm , width at base 1. 22 mm . S li ght ly m o r e 
robust than the ma le but v e ry similar in pub e scenc e a nd coloratio n; t he 
frons e xcept me dia n line , and the vertex yellowish . 
Ho lotyp e : cf Aug . 29 , 1 925 , a l t. 2400 ft. , T u cson, Arizona {Andrew 
A. nicho l) ; autho r's col le ction. Allotyp e : same data as the typ e . P a r a -
~: l cf, taken with the typ e s . 5 <j><j> S e pt. 4 , 1 925, Sa nta Rita Mts ., 
Arizona {Andr ew A . Nicho l ) . Nam e d for the co llector , Andrew A . Nic hol , 
who found s o many interesting n ew M i ridae . 
Ilnac o ra dr e i s b a c hi n ew s p e ci e s (Fi g . 1) 
A llie d to nicholi, rather similar in co lor a nd pub e sc e nc e , but distin -
guished by structu r e of th e male genital claspe rs and t e r ga l proc e ss . 
Male . L ength 4 . 9 mm, width 1 . 4 mm . H ead : width . 82 mm, v e rtex 
. 41 mm; b lack, s h ining, v e rt ex except m e di a n Line , a nd n a rrowly bor -
d e ring e y e in fr ont and b e low , p a l lid and white . Antennae ; s egm e nt I , 
Le n g th . 44 mm, black; II, 1 . 77 mm, cylindrical , black; III , 1. 4 3 mm, 
b lack; IV , . 68 mm , black . Rostrum, length 1 . 46 mm, r eac hing up on 
a p ex of h i nd coxae , ye llowish, apex black . P ron o tum: length . 82 mm , 
width at base 1.1 6 mm; pronota l spots , co lor and pub e sc e nc e very simi -
lar to nicho li . S cutellum w ith triangular b lack spot on bas e , its a p e x 
reaching midd le of disk . 
1 70 HARRY H. KNIGHT 
Hemelytra green, pubescence very similar to nicholi, but the black, 
scale like pubescent spot on corium more elongated; membrane dark fus-
cous, a paler spot just behind apex of cuneus, also pa Ler across middle, 
apical half of membrane darker. Venter and thorax except pronotum, 
black; propleura with Large black spot behind coxal cleft, basal margin 
greenish, ventral margin pallid. Legs green, coxae more pallid, apical 
half of tarsi blackish. Genital segment, claspers and tergal process 
distinctive of the species (Fig. 1). 
Female. Length 5 mm, width 1. 6 mm. Head: width . 83 mm, vertex 
. 44 mm; black, more broadly pale above, frons and vertex pallid, med-
ian Line black, the Line sometimes very short or obsolete, usually a 
black ray above base of antenna. Antennae: segment I, Length . 476 mm; 
II, 1. 84 mm; III, 1. 53 mm; IV, . 72 mm; all segments black. Pronotum: 
Length . 85 mm, width at base 1. 32 mm. Color and pubescence very 
similar to the male. Venter black but sides with Longitudinal white 
stripe, its width and extent somewhat variable. 
Holotype: d July 12, 1961, Cuernavaca, Morelos, Mexico (R. and K. 
Dreisbach); author's collection. ALLotype; same data as the type. Para-
~; 2dd, 5~~ taken with the types. MEXICO-MORELOS: 3rfd July 21, 
1961, 5rfrf, 6~~Aug.22, 1956, lr!Sept. 27, 1957, Huijintlan(R. and K. 
Dreisbach). ld July 11, 1961, 2dd l~ Sept. 26, 1957, Tepotzl.an (R. and 
K. Dreisbach). 3dd July 13, 1961, 4000 ft., Xochicalco (R. and K. 
Dreisbach). COLIMA; ld July 12, 1956, Manzanilla (R. and K. Dreis-
bach). JALISCO: ld July 8, 1956, Zapotlanego (R. and K. Dreisbach). 
GUERRERO; ld July 24, 1961, Chilpancingo (R. and K. Dreisbach). 
MICHOACAN; ld, l~Nov. 21, 1955, Chilchota(J.C. Schaffner). 
NAYARIT: 2dd, 2~~ Sept. 17, 1957, "Kilo 78, Rt. 15" (R. and K. Dreis-
bach). d July 25, 1959, Ahuacatlan (J.C. Schaffner). 
Ilnacora malina (Uhler) (Fig. 3) 
1877 Sthenarops malina Uhler, U.S. Geol. Geogr. Surv. BuL. 1:419. 
1900 Ilnacora malina Slosson, Ent. News .!..!.:232. 
1941 Ilnacora malina Knight, Bull. ILL Nat. Hist. Surv. 22(1):83, 
fig. 120. 
1958 Ilnacora malina Carvalho, Cat. Miridae, Pt. III; 78. 
This is a well known species in the eastern United States which we 
redescribe briefly for comparison with other species of the genus. 
Male. Length 5.1 mm, width 1. 5 mm. Head: width . 92 mm, vertex 
.47 mm; black, vertex except median line, and bordering the front mar-
gin of eyes, pallid. Antennae: segment I, Length . 58 mm, blackish, 
pale fuscous on basal half; II, . 62 mm, cylindrical, nearly as thick as 
apex of I; III, 1. 70 mm; IV, . 68 mm; all black except for pale fuscous on 
basal half of I. Rostrum, length 1. 53 mm, reaching upon apex of middle 
coxae, yellowish; apex blackish. Pronotum: Length . 81 mm, width at 
base 1. 32 mm; generic black spots Large, width. 27 mm, Length. 32 mm. 
Scutellum fuscous to black, the spot formed by black scalelike hairs 
extends beyond middle of disk. Hemelytra deep green, cerium with a 
large, wedge-shaped patch of black scale like hairs, appearing blackish 
on the cuticula where the scalelike hairs may rub off. Numerous speci-
mens have been examined and all have this distinctive mark on cerium. 
Membrane dark fuscous to black, veins usually yellowish or green but 
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often infuscated. Genital segment with claspers and tergal process dis-
tinctive of the species (Fig. 3). 
Female. Length 5-5. 5 mm, width 1. 7 mm. Head: width . 98 mm, 
vertex . 51 mm; frons black, :paler forms may have only Lines of black 
instead. Antennae: segment I, Length . 64 mm, black, basal half paler, 
more fuscous; II, 2. 28 mm; III, 1. 8 mm, IV, . 81 mm. Pronotum: length 
. 95 mm, width at base 1. 49 mm. Pub escence and color very similar to 
the male, but the abdomen with white patches on sides. 
Host records: nymphs and adults were taken on giant ragweed (Am-
brosia trifida) in Iowa. In New York a good series was taken on golden-
rod (So~ rugosa) which I recorded as host. 
Distribution: In the original description Uhler records malina from 
Mass., New York, Pa., Md., Ohio, ILL., and Texas. Parshly (1917) 
records this species from Maine, N. H., Mass., and Conn. The writer 
has identified specimens from Mass., Conn., New York, N.J., N.C., 
Tenn., ILL., Mo., Okla., Kaps., Nebr., S. Dak., Iowa, Minn., Wis., 
Mich., Ohio, Pa., and Ontario, Canada. 
Dr. H. G. Johnston collected extensively in Mississippi without taking 
spe cimens of malina. We have examined several collections of Miridae 
from Texas without finding malina Uhler. We believe only the northern 
counties of Texas may support malina, and in Limited numbers; we have 
identified it from three Localities in Oklahoma. The species has not 
turned up in Colorado, New Mexico or Arizona, while examining much 
material from those states. 
llnacora inusta (Distant) 
1884 Calocoris inustus Distant, Biol. Cent. Amer. Rhyn. !_:267, 
pL.23, fig.17. 
1905 llnacora inusta Reuter, Festchr. filr Palmen No. !_:48. 
This species name has been placed in synonymy with ILnacora malina 
Uhl. by Carvalho (1959), but the present writer is convinced that inusta 
(Dist.) cannot be the same as ma Lina Uhler. We have examined numer-
ous specimens of malina, collected from New England to Oklahoma, and 
all specimens have the Large wedge-shaped black area on corium, evi-
dently a distinctive character of the species. Ilnacora inusta (Dist.) was 
described from the state of Oaxaca, in southern Mexico. In the present 
paper we describe three new species from central Mexico, none of which 
extend their range into Arizona or New Mexico; they are distinctly Mexi-
can. We did not find anything in the material collected by Dreisbach in 
central Mexico that would fit the colored picture of inusta (Dist.); there 
is no indication of a fuscous mark on the corium which in perfect. speci-
mens would hold black scale like hairs. The artist did show black scale-
Like hairs on median line between the calli, which indicates he was care-
ful of small details. Considering all these factors it seems best to let 
inusta (Dist.) stand as a species until more collecting of ILnacora in 
Oaxaca provides new specimens for study. 
ILnacora ariz~ new species (Fig. 4) 
General coloration and pubescence pallid to white, suggestive of stalii 
Reuter but size much smaller; distinguished by structure of the genital 
segment, claspers and tergal process. 
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Male. Length 4. 2 mm, width 1. 3 mm. Head: width . 78 mm, vertex 
• 41 mm; uniformly pallid, median line of vertex and extending upon base 
of frons, fuscous; vertex slightly convex, basal carina distinct on median 
one-third of vertex, definitely curved; eyes dark brown. Antennae: seg-
ment I, length. 41 mm, black, constriction at base and narrow apex pale; 
II, 1. 6 mm, uniformly brownish black, cylindrical, clothed with fine, 
short, pale pubescence; III, broken. Rostrum, length 1. 12 mm, reaching 
upon apex of middle coxae, pallid, apex fuscous. Pronotum: length . 72 
mm, width at base 1. 22 mm; uniformly pallid, pronotal spots nearly 
round, black, median line between calli and extending to near base of 
disk, set with black, scale like hairs. Scutellum pallid, a small spot on 
median line at base composed of black scalelike hairs, similar to that on 
pronotal spots. 
Hemelytra uniformly pallid, clothed with suberect white hairs, inter-
mixed with small spots of deciduous black, scalelike hairs. Membrane 
pale translucent, pale fuscous on apical half, veins green. Venter, thorax 
and legs pallid or pale yellowish, tips of tarsi fuscous. Genital segment, 
claspers and tergal process distinctive of the species (Fig. 4). 
Female. Length 4. 3 mm, width 1. 43 mm. Head: width . 816 mm, 
vertex . 44 mm; pallid, the median Line of vertex and extending upon base 
of frons, fuscous. Antennae: segment I, length . 44 mm, black, narrow 
base and apex pale; II, 1. 46 mm, brownish black; III, 1. 26 mm, fuscous; 
IV, . 4 7 mm, fuscous. Pronotum: Length . 75 mm, width at base 1. 26 mm. 
Very similar to the male in pubescence and coloration. 
Holotype: cf July 21, 191 7, on banks of Santa Cruz River, near Tucson, 
Arizona (H. H. Knight); author's collection. Allotype: same data as the 
type. Specimens collected around the camp we made, where the road 
crossed the Santa Cruz River just before entering Tucson. 
Ilnacora santacatalinae new species 
Allied to stalii Reut., but size smaller, frons more convex, first an-
tennal segment uniformly black while the head remains uniformly white. 
Female. Length 5 mm, width . 78 mm. Head: width . 83 mm, vertex 
. 44 mm; frons distinctly convex, basal carina nearly straight, not sharp; 
white, not infuscated, eyes dark brown. Antennae: segment I, length 
. 4 76 mm, black, narrow apex pale; II, 1. 66 mm, cylindrical, slender, 
fuscous, darker on base; III, broken. Rostrum, length 1. 26 mm, reach-
ing upon apex of middle coxae, pallid, apex blackish. Pronotum: length 
. 85 mm, width at base 1. 46 mm, white, disk tinged with green; pronotal 
spots rather small, round, diameter .12 mm; black scales on median 
line between calli. Scutellum white, a small p:i. tch of black scales on 
median Line at base. 
Dorsum clothed with suberect white hairs, interspersed with a scat-
tering of deciduous black, scalelike hairs. Hemelytra white, subbpaque, 
tinged with green; membrane c Lear to slightly dusky, veins tinged with 
green. Ventral surface white, Legs pallid, tips of tarsi fuscous. 
Holotype: ~Aug. 22, 1934, Mt. Lemon, Santa Catalina Mts., Arizona 
{Carl J. Drake); author's collection. Probably collected along the road 
leading up the north slope of Mt. Lemon. 
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!Lnacora illini Knight (Fig. 5) 
1941 Ilnacora illini Knight, Bul. Ill. NaL Hist. Surv. 22(1):83. 
Allied to stalii Reuter, very similar in color but distinguished by 
shorter antennal segments, and structure of the ma le genital claspers; 
apex of right clasper spatulate. 
Male. Length 4. 8 mm, width 1. 5 mm. Head: width . 91 mm, vertex 
. 51 m~; pallid or white. Antennae: segment I, Length ._48 mm, Less than 
width of vertex, black with broad area at base and narrow apex, pale; 
II, 1. 8 mm, yellowish brown to fuscous, darker near base; III, 1. 6 mm, 
yellowish to fuscous; IV, . 7 3 mm, fuscous, Rostrum, length 1. 3 mm, 
reaching apex of middle coxae; pale, apex black. Pronotum: Length 
. 78 mm, width at base 1. 2 mm; pronotal spots and median basal spot of 
scutellum, black, similar to those of stalii. 
Dor sum clothed with suberect, pale hairs, sparsely intermixed with 
black, deciduous scalelike hairs. General coloration pallid, tinged with 
greenish on dorsum. Hemelytra subtranslucent; membrane pale, a small 
transverse, fuscous cloud near apex of cuneus, veins greenish. Venter 
and Legs pallid, tinged with green, tibial spines brownish, apical segment 
of tarsi black. Male genital claspers distinctive, right clasper with apex 
spa tu Late (Fig. 5). 
Female. Length 5 mm, width 1. 7 mm. Head: width . 92 mm, vertex 
. 56. Antennae: segment I, Length . 46 mm, black, broadly on base and 
narrowly at apex, pale; II, 1. 66 mm, pale fuscous; III, 1. 43 mm, fus-
cous; IV, .58 mm, fuscous. Rostrum, Length 1.36 mm, reaching to apex 
of middle coxae, pale, apex black. Pronotum: Length . 75 mm, width at 
base 1. 26 mm. General coloration and pubescence very similar to the 
male. 
Distribution: known from Iowa, Illinois, Missouri and Oklahoma. 
Ilnac;ora stalii Reuter (Fig. 6) 
1876 ~ora (Corinala) stalii Reuter, Ofv. K. Vet. -Akad. Forh., 
32(9):86. --
1941 llnacora stalii Knight, ILL. Nat. Hist. Surv. 22(1):84, fig. 120. 
This species is type of the genus Ilnacora; general coloration pale 
to whitish, distinguished by structure of the male genital segment and 
claspers. 
Male. Length 5. 9 mm, width 1. 7 mm. Head: width . 92 mm, vertex 
. 51 mm; pale to white, vertex impressed on middle, basal carina dis-
tinct. Antennae: segment I, Length. 61 mm, pale, narrow base and apical 
one-third except for narrow apex, blackish; II, 2. 08 mm, cylindrical, 
slightly more slender near base, fuscous, darker near apex; III, 1. 80 
mm, fuscous; IV, . 82 mm, s Lender, fu scous. Rostrum, Length 1. 39 mm, 
pale, apex black, reaching upon middle of intermediate coxae. Prono-
tum: Length . 84 mm, width at base 1. 42 mm; disk with a pair of black 
spots, one behind each callus, spots c om posed of appressed, deciduous, 
black scalelike hairs, ea c h spo t quadr at e , width 1. 36 mm, spots distinc-
tive of the genus. Scutellum also with a sca le like bla ck spot on median 
Line at base. 
Dorsum clothed with suberect white hairs, intermixed with scattered 
spots of appressed, black scalelike hairs which may be Lost on contact; 
color pallid, hemelytra subtranslucent, in perfect specimens tinged with 
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Figures 1 - 6. Male genital claspers of llnacora. 
a . Left clasper. 
b . right clasper, postero-Lateral aspect. 
t.p. tergal process. 
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Figures 7 - 14 .. Male genital claspers of Ilnacora. 
a. left clasper. 
b. right clasper, postero-lateral aspect. 
t.p. tergal process. 
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blue green; membrane pale, infuscated transversely behind cuneus and 
areoLes; specimens from mountain habitats range darker, even dark 
fuscous on apical half of membrane. General coloration pallid, tinged 
with blue green; but specimens from Colorado and New Mexico, with 
altitude 5, 000 ft. or more, have the venter and thorax beneath, black; 
ventral parts of head and the antennae becoming blackish, but first seg-
ment of antennae always pale above on middle. Genital segment and 
cLaspers distinctive of the species (Fig. 6). 
Female. Length 5. 3 mm, width 1. 6 mm. Head: width. 98 mm, ver-
tex . 58 mm. Antennae: segment I, Length . 62 mm; II, 1. 98 mm; III, 
1. 62 mm; IV, . 80 mm. Pronotum:· Length , 85 mm, width at base 1. 4Z 
mm. Pubescence and coloration very similar to the male. 
Distribution: eastern United States .and Canada; westward to Colorado, 
New Mexico, Arizona, Wyoming and Montana. ARIZONA: 2<f<f 2~~ Aug. l, 
1941, Greer (Loyd L. Stitt}. COLORADO: 2<f<f 3~~ Aug. 11, 1925, Stone 
Wall, Alt. 8500 ft., near Trinidad; 14 <f<f~~ Aug. 11, 1925, Fort Garland; 
l<f 2~~ Aug. 12, 1925, South Fork (H. H. Knight}. 2<f<f 2~~ July 13, 1900, 
<f ~Aug. 19, 1898, Dixon's canyon, Fort Collins (E. D. Ball). 18 <f<f~~ 
Aug. 19, 1937, alt. 7500ft., Rist canyon, Fort Collins (H. Ruckes}. 
MONTANA: <f July 28, 1912, Bozeman (Cooley}. NEW MEXICO: <f ~ 
June 15, 1915, Jemez Springs (John Woodgate}. SOUTH DAKOTA: <f ~ 
July 29, 1927, Deadwood (H. H. Knight}. <f ~ June 21, 1944, Fort 
Thompson; <f · ~ July 26, 1922, White (H. C. Severin}. ~July 24, 1927, 
Kennebec; 3 ~~Aug. 1 7, 1927, Ten Sleep (H. H. Knight}. WYOMING: 
5 <f<f~~ July 30, 1927, Sundance (H.H. Knight}. ~July 20, 1920, Yellow-
stone Park (A.A. Nichol}. ~Aug. 13, 1935, alt. 7000 ft., Saratoga 
(H. Ruckes}. 
Key to fema Les of Ilnacora 
1. Color above pale green; first antennaL segment biannulate with 
black; apex of head {below antennae and frons} black, polished; 
Legs and body beneath, yellowish; Length 4 mm. nigrinasi Van D. 
Color description otherwise. . . . . . . • . . • . . . • . 2 
2. Length of first antennal segment greater than width of vertex 
between eyes. . . . . . . . . . . . . . . . . . . . 3 
Length of first antennal segment Less than, or at most just 
equal to width of vertex between inner margins of eyes. 9 
3. Color of hemelytra and pronotum pallid, sometimes tinged with 
green, but never deep or dark green; (pronotaL disk with a 
pair of black spots, one behind each callosity, and covered 
with black scalelike hairs, a generic character}; disk of 
cerium without a Large fuscous or black spot. . . . . • • 4 
Color of hemelytra deep green, membrane excepted; disk of 
cerium usually with a larg.e oval or wedge-shaped fuscous 
or black spot, bearing black, scaleLike hairs on perfect 
specimens. . . . . . · • . . • • • • . . . . . . . . . . 5 
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4. Antennal segment I uniformly black, apex narrowly pale ; 
segment II brownish black, narrow base more black; venter 
pallid; Length 5 mm. . • . santacatalinae n. ~P· 
Antennal segment I broadly pale, only apical one-third and 
base showing black; in darkest forms the pale area of 
segment I much reduced, but in such specimens the venter 
is largely black; Length 5. 2-6 mm. . • . . . • . • stalii Reut. 
5. Disk of cerium with large or small fuscous spot or patch of black, 
scalelike hairs on disk of cerium. 6 
Disk of cerium without indication of a fuscous spot or patch of 
black, scalelike hairs on disk of cerium. . . . inusta Dist. 
6. Disk of cerium with a large, wedge-shaped fuscous or black area. 7 
Disk of cerium with a smaller, rounded to oval-shaped, fuscous 
or black spot. • . . . . . . . • . 8 
7. Dor sum clothed with rather short, recumbent or appressed 
pubescence; first antennal segment fuscous to black, shading 
paler on basal half; length 5. 5 mm. • • • • . • • malina Uhler 
Dor sum clothed with erect and suberect, rather long white 
hairs; first antenna! segment uniformly black; length 5. 5 mm. 
recurvata n. sp. 
8. Membrane of wing uniformly fuscous on apical half. • nicholi n. sp. 
Membrane dark fuscous, a paler area just behind apex of 
cuneus, also paler on middle. . . • . • . dreisbachi n. sp. 
9. Length of antennal segment I just equal to width of vertex 
between eyes. . . . 
Length of antennal segment I less than width of vertex 
between eyes. . 
10. Head black on lower half of face, also broadly black along 
median Line of frons; hemelytra uniformly green, mernb rane 
10 
11 
fuscous, paler across middle; length 5 mm. • . spicata n. sp. 
Head and the whole body pallid; a narrow, fuscous median 
line on vertex and frons; hemelytra pallid, subtranslucent, 
membrane pale fuscous; length 4. 2 mm. • • arizonae n. sp. 
11. Antennal segment I uniformly black, sometimes pale on base 
only. . . . . • • . . . . . . • • • • • • . . . 13 
Antennal segment I chiefly pale to yellowish, darker at base 
and apex; or segment I black but pale on dorsal surface, 
sometimes on basal half only. . . . . . . • . 12 
12. Antennal segment I yellowish, narrowly blackish on base and 
apex; segment II yellowish brown, slightly fuscous on base 
and apex; length 4. 9 mm. . . . . . . • • . • • • divisa Reut. 
Antenna! segment I black, sometimes paler on middle, segment II 
black, som~times paler on middle; length 4. 8 mm. vittifrons n. sp. 
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13. Head white or pallid, usually with a longitudinal median fuscous 
line on vertex, but without an arcuate black line crossing 
base of frons ........ , .. , . . . . . . . . . 14 
Head with black, always black on Lora; with an arcuate black 
line crossing base of frons. . . . . , . . . . . . • , . 15 
14. Antennal segment I uniformly black; pronotum and hemelytra 
greenish, usually blue green; vertex with a fuscous median 
Line, sometimes obsolete in very white forms; length 
4, 3 mm. , . . , . . . . . . , , , . , . . . albifrons n. sp. 
Antennal segment I with black, broadly pale on base and 
narrowly pale on apex; pronotum and hemelytra pallid, 
sometimes tinged with green; length 4. 8 mm. . . . illini Khgt. 
15. Tylus uniformly black, transversely black across base of 
tylus and apex of frons. . . . . . . . . . . . . chloris Uhler 
Tylus pallid on middle, base with a longitudinal black vitta, 
but never transversely black across base of tylus and 
apex of frons ........ , , • , • , .. , . furcata n. sp. 
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SOME EFFECTS OF FIRE 
ON TREE SPECIES IN MISSOURI PRAIRIE 
pp. 1 79-185 
C. L. Kucera, John H. Ehrenreich and Carl Brown 
Department of Botany, University of Missouri 
and 
Central States Forest Experiment Station, 
U.S. D. A., Columbia, Missouri 
SUMMARY. Effects of prairie fire on woody plants under 
different burning conditions were observed. Drier fuel 
conditions combined with greater vapor deficits re-
sulted in a greater percentage of specimens which were 
killed back. For the hardwood species, less crown 
damage resulted in fewer sprouts being produced. The 
study showed that fire may retard young tree develop-
ment in tallgrass prairie. Additional observations on 
a long-range basis are required to provide more exact 
relationships of fire in the forest-prairie transition. 
INTRODUCTION 
The extent to which prairie fire was a deterrent to tree invasion in the 
Midwest is a question frequently raised in studies of the forest-prairie 
transition. Some writers attribute to fire only a local effect in retarding 
forest, whereas others suppose a more general influence. The ecological 
imp lications of fire are difficult to assess because it is so interwoven 
with other modifying factors. Additional information based on experi-
ment is needed to aid in clarifying these interrelations. In view of the 
general encroachment of tree species with land use changes in the prairie 
peninsula region, it is of particular interest to determine what effect fire 
has on invading forest species, and the extent to which future establish-
ment may be curtailed. The purpose of this paper is to report some 
effects of fire on tree species in Missouri prairie in which there had 
been a recent encroachment (Kucera, 1960). 
LOCATION AND DESCRIPTION OF STUDY AREA 
Burning experiments were conducted on the University of Missouri 
prairie research station1 , located 1 7 miles east of Columbia, Missouri, 
1 Known Locally as Tucker Prairie, this tract was purchased with funds 
from the National Science Foundation, G-3724, the Missouri Alumni 
Achievement Association, the Missouri Chapter of Nature Conservancy, 
and private donations. The current study is supported in part by funds 
from NSF G-16156. 
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in Callaway County, T48N, RlOW, Section 12 SWi. The tract consists of 
160 acres of unbroken tallgrass prairie, typical of an extensive associa-
tion which formerly occupied the poorly drained flatlands of east-central 
Missouri. The planosol-type soil is slowly permeable with a claypan 
subsoil, particularly where the natural drainage is Lea st developed. The 
parent material is a fine Loess underlain by glacial till of Kansas age. 
This tract was described in floristic detail by Drew {1947). The general 
climate is classified according to Koeppen as continental humid, and is 
borderline between the microthermal and mesothermal provinces. The 
mean annual rainfall is approximately 40 inches and the average temper-
ature 55 °F. Figure 1 shows the Location of the experimental area and 
the general pattern of vegetation. 2 
- TALL GRASS PRAIRIE 
~ UPLAND FOREST 
lllIIIIIIID P I N E WOO DS 
Wil WH. RIVER CEDAR GLADES 
GRAMA GRASS 1 SOAPWEED 
AMERICAN BEECH , HOLLY 
Figure 1. Vegetation patterns in Missouri. Location of study site is 
designated by star. The Missouri River Valley marks the 
southern Limits of Pleistocene glaciation. 
z Reproduced by permission af the University Press, Columbia, Mo., 
from "Grasses of Missouril ' by C. L. Kucera {1961 }. 
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PROCEDURES 
In continuing burning experiments begun in 1958, the 1962 schedule 
included a section of recent tree invasion from an adjacent forested 
drainage. Burning required t~o days which were one week apart, March 
31 and April 7. Weather conditions differed on these two occasions. The 
first day was cool, cloudy and humid, with rain falling by the end of the 
day. The mid-afternoon high temperature was 53°F and the lowhumidity, 
43%. Conditions were somewhat warmer and drier with readings of 63°F 
and 21% one week .later when burning was completed. The mean vapor 
pressure deficits (in. Hg.) calculated on the basis of hourly readings of 
maximum temperatures and corresponding relative humidities for each 
of these dates were respectively 0.140 and 0.431. The difference, 0. 291, 
thus was an index of greater atmospheric dryness during the second fire. 
The litter mat was also drier than that of the preceding week, during 
which no rain had fallen. As .a result of these conditions, the fire on the 
second date consumed fuel more rapidly, and burned with greater inten-
sity, although the amount of dry matter was the same . 
The principal tree species in the burn were Ame rican elm, Ulmus 
americana L., wild plum, Prunus americana Marsh, crab, Pyrus ~
(Wood) Bailey, hawthorn, Crataegus mollis (T. and G.) Scheele , and 
eastern red cedar, Juniperus virginiana L. The averag e age determined 
by ring counts of randomly-selected specimens cut off six inches above 
ground level was 6. 3 years, with a range from two to eight years. To 
assess the effect of fire, transects 2 meters wide were staked out across 
the burned area. The sections burned on different days were sampled 
separately when it soon became apparent that the effects of the second 
fire were more severe than the first. All trees were identified and 
classified i n one of three categories: I, complete killing of the stem, no 
sprout development; II, complete killing of the stem, with sprout develop-
ment; and III, stem surviving with at least partial leafing of the crown, 
sprouts present or absent. The number of sprouts on each stem was 
determined. Stem diameters six inches above ground level and height 
measurements were also taken. In all, 277 trees were studied. All 
evaluations were made in June, approximately three months following 
burning. 
RESULTS 
The effect of fire on woody plants was more severe on the second 
burning dat e , under conditions of drier fuel and higher temperature. For 
elm, the most prevalent species, 90% of all specimens we.re killed back 
(Classes I and II) whereas only 40% were killed under th~ less critical 
conditions of the first burn. Similarly, 93% of all cedar trees were de-
stroyed in t he more severe burn, but no crowns failed tq show at Least 
some green growth as a result of the first fire. The largest cedar killed 
measured 10 feet in height. For the other speci~s the trends were 
similar, although survival differences between fires were less decisive 
(Table l). Cedar apparently was the most susceptible species to burning. 
Where crown damage was less severe (Class III) fewer sprouts were 
produced . For example, the average number of elm sprouts for Class II 
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Table 1. Percentage of stems and av e rage sprout' number p er stem (in parentheses: 
by size and survival classes1 for tree species in prairie burned on twc 
dates, (A) March 31, and (B) April 7, 1962. z 
Percentage 
Diameter classes (inches} (6" above ground} for all size 
Survival 0 to 0. 5 0. 6 to 1. 5 1. 6 to 3 . 5 classes 
SEecies class A B A B A B A B 
Elm 0 7 2 9 0 0 1 3 
II 75 93 34 66 0 33 37 77 
(8. 0) (4.1) (5. 0) (4. 9 ) 0 (4. 0) 
III 25 0 64 25 100 67 60 10 
_JQJ_ ~. 3) n.:._o) -1!_. 7) _g.9) 
Totals 100 100 100 100 100 100 100 100 
Plum 0 0 0 6 0 0 0 6 
II 100 82 100 94 0 50 86 86 
(1 o . o) (4. 1) (6. 0) (7. 9) 0 (15. o) 
III 0 18 0 0 100 50 14 8 
_g.o) 
_o _o _g.o) _o 
Totals 100 100 100 100 100 100 100 100 
Crab 0 9 0 6 0 0 0 5 
II 100 91 67 94 0 100 87 95 
(3. 6) {3. 4) (3. 9) (5. o) 0 (2. 5) 
III 0 0 33 0 0 0 13 0 
iOO 
_g. 5) 
iOO iOO Totals 100 100 100 100 100 
Hawthorn 0 0 0 0 
II 0 25 0 25 
(9. o) 
III 0 75 0 75 
(2. o) 
Totals 
0 100 0 100 
R ed cedar 0 100 0 93 0 93 
II 
III !.QQ. _o !.QQ. _ 7 !.QQ. __ 7 
Totals 100 100 100 100 100 100 
All species 0 5 1 0 44 16 
II 85 92 46 72 0 43 47 78 
III 15 3 53 
_E_ !.QQ. _u_ _g_ 6 
100 100 100 100 100 100 100 100 
1 I, complete killing of stem, no sprouts; II, complete ki lling of stem, sprouts 
pr e sent; III, stem surviving with at Least partial leafing of c rown, sprouts present 
or absent. 
z A, humid and overcast conditions; temperature 53°F maximum, V.P.D., 0.140 in 
Hg.; B, conditions one week later, less humid, with higher temperature, 63°F, 
V.P.D., 0.4 31 in. Hg . 
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was 5.4 and only 2.1 for Class III. Similar trends were shown for the 
othe r hardwood species (Table 1). Representative specimens of elm and 
cedar which were completely killed (Class I) in the more severe fire are 
illustrated in Figure 2. Specimens in the first fire which were not killed 
back (Class III) are also shown. 
DISCUSSION 
In this consideration of fire effects on woody species in unbroken 
tallgras s prairie, distinct trends between the two burning conditions 
were shown. These trends were similar for all species. The drier fuel 
condition and warmer t e mperatures occurring at the time of the second 
fire were critical factors in producing a more destructive effect on the 
woody plants. Another possible variable is the difference in physiologi-
cal conditi on effected in one week's time . No species had yet begun to 
leaf on the latter date ; however, a combination of more intense fire and 
incre asing metabolic activity would contribute to greater damage. In 
studying the effects of fire on under story stems in pine-hardwood stands 
in Texas, Ferguson {1962) showed that the Later the fire occurred the 
more trees were killed. 
The proportionately larger percentage of stems failing to produce 
basal sprouts {Class I) in the second burn suggests that higher tempera-
tures were generated nearer the ground than in the first fire. The more 
intense fire is attributed to the drier Litter and the greater moisture 
d efic i t of the atmosphere. Measurements taken in previous years using 
chemical pellets to characterize temperature profiles at the time of 
burning, showed that temperatures varied as a function of vertical height . 
Lower values occurred on the soil surface but increase,d sharply to a 
maximum of 650- 750 °F at 12-24 inches where the fuel is normally driest 
and the be st combustion conditions a re present. With increasing dryness 
of the litter also, as in the second burn in the present study, more criti-
cal temperatures would be expected nearer the ground and ~t the base of 
woody stems. In all probability fire would have Little or no adverse effect 
on the underground plant parts. Studies of experimental fire in relation 
to the soil profile cited by Hare {1961) show that temperatures generally 
drop sharply several inches be Low the surface. 
The results of the study indicate that fire may retard development of 
tree growth in, t,allgrass prairie, and under certain fuel and weather con-
ditions may cause complete killing. The Lack of sprouting in ea stern red 
cedar makes it more vulnerable to fire compared to hardwood sp e cies 
with vigorous sprouting ability. Martin and Crosby (1955) indicated the 
importance of fire in controlling cedar, but not hardwoods, in the glade 
range of the Ozarks, particularly in the early stages when the trees are 
small. Arend {1950) similarly showed the susceptibility of eastern red 
cedar to fire in a study of distribution patterns in the Ozarks. Annual 
yield in central Missouri prairie was shown to range from 2-5 tons per 
acre depending on treatment (Kucera and Ehrenreich, 1962). Under these 
conditions of relatively high productivity, an interval between fires pro-
ducing a maximum fuel potential would increase the effectiveness of fire 
in controlling any woody growth which may have entered the prairie in 
the interim. 
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Figure 2. Specimens of elm (left) and cedar (right) from burned prairie. 
Upper row from severe fire, trees showing no growth. 
Bottom row, specimens from less destructive fire one week 
earlier . Photographs taken in mid-July. 
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DEVELOPMENT OF POTENTIAL EARS IN CORN BELT ZEA MAYS 1 
W. K. CollinsZ 
ABSTRACT. A study of prop h y ll de v e 1 op men t, cob e 1 on g a -
tion {pistillate inflorescence) and tassel development 
of Corn Belt Zea Mays was conducted in 1961 at Ames, 
Iowa, on inbreds Cl03 and Hy which usually produce one 
harvestable ear, R7 l and B60 inbreds which usually 
produce two harvestable ears, and the six possible 
single crosses among these four inbreds. 
Prophyll development was not correlated with the ear 
development; therefore, measurements of the prophyll 
are not pertinent in such studies. The three-week .per-
iod before anthesis brackets the critical period when 
the fate of second ears is generally decided. This 
period occurs after the tassel has almost completed 
e 1 o n g a t i o n . A ft e r t h e t a s s e 1 w a s e s s e n t i a 11 y d e v e 1 o p e d, 
cob development underwent rapid growth basipetally. 
All the genotypes that showed retarded second-ear 
growth during the three-day period before silking, 
fa i 1 e d to p r o due e a s e c on d e-a r even if th e .s e c o ·b s pro -
duced silks in the presence of an abundant supply of 
pollen. It appears that abortion was initiated when the 
second ears failed to compete favorably with the top 
ear during the three days before silking. The results 
of this study add quantitative data to information in the 
literature on the fate of the numerous potential ears 
in corn. 
INTRODUCTION 
Interest has been shown in recent years in the possibility that two-ear 
Corn Belt plants of Zea Mays L. may be more tolerant to environmental 
changes than one-ear types. All hybrids being planted commercially in 
the Corn Belt now usually produce only one harvestable ear. Corn has a 
1 Contribution from the Iowa Agricultural and Home Economics Experi-
ment Station and the Crops Research Division ARS, USD4-. Journal 
Paper No. J -4626 of the Iowa Agricultural and Home Economics Experi-
ment Station, Ames, Iowa. Project No. 1140. 
2 Graduate Assistant {Now Agronomist R. J. Reynolds Tobacco Company, 
Winston-Salem, N. C.), Department of Agronomy, Iowa State University, 
Ames, Iowa. Sincere appreciation is expressed to John E. Sass, De-
partment of Botany, and W. A. Russell, Department of Agronomy, for 
guidance during this investigation. 
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natural tendency to be prolific and forms a visible potential ear in an 
axillary bud at every Leaf axil below the top six where the harvestable 
ear usually forms (Sass and Loeffel, 1959). The purpose of this study 
was to investigate the development of the pistillate inflorescences (re-
ferred to herein as cobs) of these axillary buds by determining: (1) the 
development attained by the top four cobs on two inbreds which usually 
produce one harvestable ear, two inbreds which usually produce two 
harvestable ears, and the six possible single crosses involving the four 
inbreds, and (2) the relationship of tassel elongation to axillary bud de-
velopment. 
REVIEW OF LITERATURE 
Studies of the ears of Zea mays until recent years were mainly con-
cerned with the morphology and reproductive aspects of the ears. Weath-
erwax (1923, 1955), Kiesselbach (1949), Bonnett (1953, 1960) and Sass 
(1960) have adequately reviewed and augmented this information on the 
structure and development of the reproductive organs of corn. 
Sass (1960) pointed out that interest is now shifting to studies in three 
areas: (1) the developmental rates of the numerous potential ears at vari-
ous nodal positions on the plant, (2) the developmental pattern in .the many 
highly diverse types of maize, and (3) ear development in relation to 
cultural practices. Sass and Loeffel (1959) pubiished information related 
to the first and third areas. The work being reported will supply quanti-
tative information on the second area of study given by Sas~ (1960). 
MATERIALS AND METHODS 
In the summer of 1961, a study was conducted on the morphological 
development of the tassel and potential ears measured by the elc>ngation 
of the cob, the axis of the fema Le inflorescence, in the following germ 
plasm: (1) inbreds R 71 and B 60 which consistently produce two harvest-
able ears, (2) inbreds Cl 03 and Hy which consjstently produce one har-
v-estable ear, (3) single crosses involving all possible combinations of 
the four inbreds hereafter referred to as 1 x 1, 1 x 2, or 2 x 2 types 
according to the inherent numb er of harvestable ears of the parental 
inbreds. Kernels of the inbreds and single crosses were hand planted 
May 2, 1961, on the Agronomy Farm near Ames, Iowa, and later thinned 
to a single plant per hill, with a final population rate of 12, 000 plants per 
acre. Two-hundred pounds per acre of 5-20-10 fertilizer and 60 pounds 
per acre of elemental nitrogen were applied. 
Bordered plants were selected and taken to a laboratory where four 
to six plants per entry were dissected three times a week for measure-
ments. Spot checks to determine the cob development were started June 
7, 35 days after planting, when the plants were about 18 inches tall. On 
June 21, 49 days after planting, tassel length measurements were started 
on all entries. Tassel measurements were discontinued after July 11, 
69 days after planting. Cob length measurements were started June 25, 
53 days after planting, and taken every 2 or 3 days until the various 
entries had completed silking. 
Dis section began by making two slits along the length of the plant on 
the periphery.of the stalk 90 degrees from the projection of the Leaves. 
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The axillary buds were cut from the stalk and plac e d on a bakelite dish 
(2" diameter) under a binocular microscope. The cob was removed with 
dissecting needles, and the length was measured. After the cobs were 
5 mm long, it was not nec essary to use the binocular microscope. The 
tassel was cut with a razor blade from the main stem at the node of 
attachment, and the length was measured. 
Ear length measurements we re recorded at harvest time from 20 
equa Lly competitive plants of each genotype . 
Precipitation and temperature data from the Agronomy Farm for the 
period of the study are provided in Table 2. The growing conditions for 
this experiment were almost optimum for corn production except for a 
hot, dry period about a week before silking. All of the inbreds and single 
crosses silked from July 2 3 to July 27. 
RESULTS AND DISCUSSION 
Limited measurements of the prophyll were made to determine the 
r e lationship, if any, between prophyll elongation and cob elongation. The 
results indicate that there is no relationship between prophyll and cob 
dev e lopment. The lack of relationship between the prophyll or husks and 
the ear shoots from nine successive nodes on a Nebraskan corn grown 
under favorable conditions is illustrated with a photograph by Kies selba~h 
{1949). On the basis of the present study it was d ecided that prophyll 
measurements would not be of value where the objective of an inve stiga-
tion is to study cob or ear development. 
Tassel elongation was recorded during the period 49 to 69 days after 
planting. Before tassel initiation, visible axillary buds developed acro-
petally in all the leaf axils except the top six or seven, Soon after the 
top bud was barely visible, tassel development was initiated. There was 
an immediate apical dominance expressed by the tassel, and a drastic 
suppression of growth of all the axillary buds was observed. These buds 
remained suppressed until tassel elongation was essentially complete, 
which was approximately 300 mm in the single crosses and single-ear 
inbreds and approximately 200 mm in the two-ear inbreds. Then the 
growth emphasis shifted to the top cobs as shown in the growth curves in 
Figures l-10. The direction of cob developm ent was basipetal in contrast 
to the acropetal pattern ob served before tassel initiation. The early 
stages of ear a 'nd tassel formation are alike except there are no branches 
on normal ears. 
As the study progressed, it became obvious that the most fruitful in-
formation would be on the cob /1ongation patterns for the top four poten-
tial ears of each entry for approximately the two-week period before the 
pollen shedding stage, an easily defined stage in the ontogeny of corn 
plants. These data, which show the growth pattern for these cobs, are 
plotted in Figures 1-10. 
The R 71 second ears competed favorably as measured by ear elonga-
tion with the top ears at all times except the six- to nine-day period 
before silking, after which the second ears competed favorably, and two 
harvestable ears were produced {Figure 1 and Table 1), During the two 
days before silking, the R 71 second cobs elongated more than the top cob, 
In B60, the second ear competed favorably with the top ear at all times 
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Figure 1. Cob elongation of top four ears of R 71, for 
16 days before the top two ears silked. 
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Figure 2. Cob elongation of top four ears of B60, 
for 12 days before the top two years silked. 
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Figure 3 ,, Cob elongation of top four ears of Hy, for 
16 days b e fore the first ear silked. 
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Figure 4. Cob elongation of top four ears of Cl03, 
for 14 days befor e the first ear silked. 
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Figure 5. Cob e Longation of top four ears of Cl 0 3 x R 71, 
for 14 days before the top ear silked. 
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Figure 6 . Cob elongation of top four ears of Hy xB60, 
for 14 days before the top ear silked. 
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Figure 7. Cob elongation of top four ears of Cl03 x B60, 
for 14 days before the top ear silked. 
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Figure 8. Cob elongation of top four ears of HyxR71, 
for 14 days before the top ear silked. --.!) VJ 
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Figure 9. Cob elongation of top four ears of Cl03 x Hy, 
for 14 days before the top ear silked. 
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Figure 10. Cob elongation of top four ears of B60xR71, 
for 14 days before the top two ears silked. 
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except during the two-day period before silking, when the top ears elong-
ated 9 mm more than the second ears {Fig. 2). This suggests that R 71 
has greater potential for two-ear expression than B60. The third cob 
from the top developed about the same in two-ear inbreds as the sec0ond 
cob of the one-ear inbreds. Neither of the single-ear inbreds, Hy or 
Cl03, showed an appreciable Level of second-ear development, and es-
sentially no harvestable second ears were produced {Figs. 3, 4; Table 1). 
The cob development in two _ of the 1 x 2 crosses, Cl 03 x R 71 and 
HyxB60, followed patterns similar to R71 and B60 {Figures Sand 6). 
The growth of second cobs in these crosses paralleled the growth of the 
first cobs except during the three-day period before first-ear silking, 
July 23 for both crosses. Silks protruded from the husks of both; how-
ever, there were few harvestable second ears {Table 1). The third- and 
fourth-ear primordia were severely suppressed during the three-day 
period before the first ear silked. There was very little rainfall during 
the last 25 days of June, and there were only two rains of significance in 
July before silking {Table 2). The general condition of the soil was dry, 
which probably contributed to the failure of the second cobs during the 
three-day interval before silking. 
In the 1 x 2 cross, Cl03 x B60, the first- and second-ear primordia 
developed initially as in the other 1 x 2 crosses; however, the second 
cobs were severely suppressed during the three-day period before the 
first ear silked {Fig. 7). No second-cob silks were observed in this 
cross; thus, there were no harvestable second ears {Table 1). 
In the 1 x 2 cross, Hy x R 71, the fir.st- and second-ear priniordia 
development closely paralleled each other, with the second ear lagging 
slightly {Fig. 8). Silks protruded from the husks of both ears, and about 
half of the plants produced harvestable second ears {Table 1). This 
differential response of plants of the same genotype can be a scribed to 
the effect of environment on plants that we re apparently at the threshold 
for two-ear expression. At the silking stage, the cobs were essentially 
the same length, but the harvestable first ears were nearly twice as long 
as the harvestable second ears. The third- and fourth-ear primordia 
did not show the severe suppression prior to silking observed in all of 
the other 1 x 2 crosses. 
In the l x l cross, Cl03 x Hy, the second cob was severely suppressed 
early, and this cross developed only one harvestable ear {Figure 9 and 
Table 1). 
In the 2 x 2 cross, R 71 x B60, the second cob elongated consistently 
with the first cob, never more than 10 mm shorter until after silking 
{Fig. 10). Four days after the first two ears silked, silks protruded 
from the husks of the third cob. This cross consistently produced two 
harvestable ears, but no harvestab le third ears were found {Table l). No 
drastic suppression of lower ear primordia before silking was observed. 
Some anomalies to the foregoing discussion on ear development are 
apparent in Table 1. An error in plant genotype may be the reason for 
the deviants in B60, Cl03 and Cl03 x Hy. In inbred Hy and single cross 
Cl03 x B60, the two-ear plant in each case has a large second ear and a 
smaller top ear. Probably these are plants in which the top ear was 
damaged, thus permitting development of the second ear. 
A positive correlation exists between the amount of ~uppression in the 
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Table 1. Ear length of harvested first and second ears on R71, B60, Hy, 
Cl03 and all possible single crosses at the Agronomy Farm 
near Ames, Iowa in 1961. 
Ear length in millimeters 
Plant 1st 2nd 1st 2nd 1st 2nd 1st 2nd 
R 71 B60 Hy Cl0 3 
205 162 150 150 190 0 215 0 
2 211 180 150 127 210 0 210 0 
3 190 1 75 165 0 163 0 213 0 
4 190 185 145 133 190 0 225 0 
5 173 160 155 100 68 148 220 0 
6 218 188 140 130 200 0 218 0 
7 205 192 15l 144 205 0 21 7 0 
8 205 155 147 140 195 0 210 0 
9 198 165 147 139 200 0 225 0 
10 215 182 152 135 20 3 0 220 0 
11 198 1 70 151 143 1 71 0 1 77 0 
12 209 181 154 121 167 0 210 0 
13 195 150 150 144 207 0 207 0 
14 210 182 152 132 205 0 215 0 
15 203 188 159 148 189 0 208 0 
16 195 195 156 148 1 71 0 196 0 
17 196 188 161 144 1 70 0 220 163 
18 183 188 153 143 18 3 0 207 0 
19 190 188 160 146 195 0 210 0 
20 205 205 153 141 1 70 0 220 0 
Mean 200 179 152 130 183 7 212 8 
B60 x R 71 Cl0 3 x Hy Cl03xB60 Hy x R 71 
230 160 261 0 276 0 243 18 3 
2 205 165 260 0 252 0 228 0 
3 215 210 260 0 254 0 228 130 
4 235 202 245 0 259 0 260 0 
5 224 155 257 0 258 0 264 0 
6 240 181 270 0 255 0 260 170 
7 235 184 270 0 246 0 270 0 
8 241 213 240 0 271 0 252 163 
9 216 213 265 0 263 0 252 0 
10 205 160 270 0 247 0 214 90 
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Table 1 (continued) 
Ear length in millimeters 
Plant 1st 2nd 1st 2nd 1st 2nd 1st 2nd 
B60xR71 Cl03 x Hy Cl03xB60 Hy x R71 
11 222 214 238 0 265 0 260 110 
12 234 192 261 0 255 0 251 0 
13 234 179 254 0 240 0 258 140 
14 240 120 237 0 256 0 260 140 
15 216 201 250 0 255 0 240 170 
16 221 195 240 0 270 0 260 0 
17 242 192 255 160 50 160 260 0 
18 208 178 25 3 0 243 0 265 0 
19 236 195 260 0 239 0 250 110 
20 233 152 220 0 254 0 260 140 
Mean 227 183 25 3 8 245 8 252 77 
Hy x B60 Cl03xR71 
1 241 165 284 0 
2 261 0 283 0 
3 255 0 280 0 
4 262 0 283 0 
5 255 0 270 0 
6 255 0 280 0 
7 255 0 285 0 
8 260 0 284 0 
9 253 0 277 0 
10 262 0 280 0 
11 256 0 280 0 
12 245 0 281 0 
13 250 0 282 0 
14 270 0 275 0 
15 241 143 285 0 
16 242 83 280 0 
17 251 0 280 0 
18 250 0 280 0 
19 252 0 280 0 
20 246 0 283 0 
Mean 253 20 28 1 0 
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Table 2. Rainfall and maximum temperature data from the Agronomy 
Farm near Ames, Iowa for May, June, and July, 1961. 
Rainfall - inches Maximum tem:eerature ° F 
Day May June July May June July 
0 . 09 .22 55 80 90 
2 0 0 0 59 82 82 
3 0 0 0 61 76 88 
4 o· 0 0 61 81 92 
5 . 12 0 .97 57 82 83 
6 0 2.56 0 68 72 79 
7 0 . 15 0 71 78 84 
8 0 0 0 66 79 77 
9 0 0 0 58 86 81 
10 0 0 0 77 88 79 
11 0 0 0 84 89 83 
12 0 0 .86 87 89 81 
13 0 . 82 . 09 83 83 72 
14 . 03 0 0 82 75 80 
15 0 0 . 31 67 68 78 
16 0 0 0 68 71 82 
17 .64 0 . 03 60 75 83 
18 0 0 0 54 81 86 
19 0 0 . 19 59 76 82 
20 0 0 0 65 76 83 
21 0 0 . 97 76 80 76 
22 0 . 05 0 70 74 79 
23 0 0 0 77 74 80 
24 0 0 0 76 78 86 
25 .30 0 0 70 80 86 
26 0 0 . 97 62 85 83 
27 0 0 .33 73 86 83 
28 0 0 . 06 78 90 86 
29 0 . 01 0 77 88 88 
30 . 17 0 . 48 74 95 91 
31 .06 .20 85 88 
Total 1. 32 3.68 5.68 Mean 69.7 80.6 82.9 
EAR DEVELOPMENT IN CORN 199 
inbreds and in their single crosses. Crosses involving inbreds Cl03 and 
Hy always showed some degree of suppression of second-cob develop-
ment. Inbred Cl03 appeared to be the stronger suppressor. Inbreds 
R 71andB60 differed in degree of suppression in the inbreds and hybrids. 
In the inbreds, the degree of suppression of the second ear in R71 was 
unchanged when the first ear silked, whereas, in B60, the second ear 
was suppressed at this time. However, the B60 did produce a harvest-
able second ear. The capacity of the R 71 second ears to compete favor-
ably with the first ears during the two-week period before silking was 
observed in the single crosses. R 71 was superior to B60 in every cross. 
The second cobs in the R 71 hybrids were not significantly suppr e ssed 
before first-ear silking, whereas , in the crosses involving B60, the 
second cobs were suppressed. 
The four inbreds may b e ranked f or expressivity of two-ear produc-
tion from highest to Lowest as follows: R71, B60, Hy and Cl03. The 
performance of the four inbreds and the six single crosses indicates 
that this ranking is correct and that two-ear developm ent appears to be 
affected by a number of r e cessive genes. Previous observations indicate 
that the two-ear character is highly influenced by environment . 
Cob elongation patterns during the three-week period before silking 
are useful in characterizing genotypes for second-ear development, par-
ticularly on plants that fail to produce a harvestable second ear. Unless 
a plant produces a second ear, the degree of development that this ear 
attains before aborting is unknown. The degree of second-ear develop-
ment may be useful in selecting for types that develop two ears. 
This study was extended to an investigation in 1962 of the elongation 
of the top three cobs on 36 single crosses, 12 of each of the following 
types: 1x1, 1 x 2, and 2 x 2. Information from these investigations 
will be published in a sub sequent report. 
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PROBABILITIES OF DAILY MAXIMUM AND 
MINIMUM AIR TEMPERATURES FOR AMES, IOWA1 
R.H. Shaw 
SUMMARY. Dai 1 y maxim um and minim um temperatures 
for each day at Ames, Iowa for the period 1931-1960 
were arrayed in descending order. Probability levels 
o f 1 0 , 2 5 , 5 0 , 7 5 a n d 9 0 % w e r e s e 1 e c t e d f r o m th e s e 
arrays. Three-day moving averages were computed 
for each daily probability point and plotted on calendar 
graph paper. The irregular curve connecting these 
points and a smoothed curve, fitted by eye, were drawn 
for each probability level. The data show a much wider 
range of temperatures during the winter months than 
for the other months. The fluctuations are also larger 
in t he winter months. 
Knowledge of temperature and its fluctuations is important in the re-
lative success and planning of many operations and activities. These 
range from industrial operations, agricultural production and harvesting, 
and the shipping of perishable commodities to home .gardening, home 
planning and recreation. 
Temperature fluctuations can be minimized or controlled to some ex-
tent , for example, by heating and air conditioning buildings and homes, 
by heating or refrigerating means of transportation, etc. In only a few 
situations such as these, however, can the natural temperature be changed. 
In most situations, activities and operations must be adjusted, when 
possible, to best fit actual natural temperature conditions. 
In agriculture, as an example, knowledge of plant requirements and 
tolerances allows manipulations which may evade some of the more ex-
treme temperature conditions. One of the most common needs and uses 
for temperature data is the probability of the last occurrence of a given 
freezing temperature in the spring and of its first occurrence in the fall 
(1, 2, 3, 4, 5, and 6}. 
When a specific temperature value can be selected, summarization is 
relatively simple. Temperatures for several consecutive days may be 
important. A solution to this problem is now being made in the North 
Central Region of the United States, where the probability of consecutive 
days with maximum temperatures above certain values, or minimum 
temperatures below certain values, are being determined. On occasion, 
we are interested in the probability of the temperature for a day being 
a bove or below selected values. The study reported here is of this type, 
Journal Paper No. J-4642 of theiowaAgricultural andHomeEconomics 
Experiment Station, Ames, Iowa. Project No. 1280. 
Professor of Agricultural Climatology, Department of Agronomy. 
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using air temperatures measured 5 feet above the ground in a standard 
Weather Bureau instrument shelter. Data are presented on selected 
probabilities for Ames, giving the minimum air temperature, or lower, 
and the maximum air temperature, or higher, which have these selected 
probabilities of occurring on any day of the year. The probabilities pre-
sented are the 10, 25, 50, 75 and 90 percent levels. 
METHODS 
Data for the 30-year period, 1931-1960, were used in the study. This 
is the same period used in the latest U. S. Weather Bureau (and world-
wide) normals. The temperatures for each day, maximum and minimum 
were arrayed in descending order. For the minimum, temperature 
values for which the probabilities of that temperature, or lower, were 10, 
25, 50, 75 and 90 percent were computed. For the maximum, tempera-
ture values for which the probabilities of that temperature, or higher, 
were 10, 25, 50, 75 and 90 percent were computed. This was done by 
counting the proper number of observations from each extreme. The 10 
and 90 percent levels were set equal to the midpoint between the 3rd and 
4th observations from each end; the 25 and 75 percent levels, as the 8th 
observation from each end; and, the 50 percent level,as midway between 
the 15th and 16th observations. 
The values selected for each day were plotted on calendar graph paper. 
The extreme variability of these values presented a difficult problem in 
analysis. To reduce this to some extent, 3-day moving averages were 
computed. These values were plotted for each day, and lines were drawn 
connecting the individual points. These lines are shown in figs. 1, 2 and 
3, for minimum temperatures, and in figs. 4, 5 and 6 for maximum 
temperatures. A smoothed curve, fitted by eye, was drawn for each 
probability level. The temperature for any day, for each of the prob-
ability levels, can be selected from these figures. 
DISCUSSION 
In using such data, the question frequently arises: Are the fluctuations 
real, or does the smoothed curve really represent the true temperature 
pattern? No attempt is made here to answer this question in detail. Un-
less there is a physical basis for a weather singularity, the real value of 
a large fluctuation mi.ght well be questioned. It is also questionable if 
one should look at data such as presented here, select a singularity which 
is evident, and then say this is real. To prove significance of such a se-
lected singularity requires a large deviation from the smooth curve, much 
larger than if the point for testing the singularity was selected~priori. 
In examining all these curves, it is evident that a much greater range 
of temperature values occurs during the winter months. This is also 
when the largest deviations from the smoothed curves occur. During the 
warm season, the range of temperatures is smaller, and the deviations 
from the smoothed curve are less. 
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In using data of this type, it must be remembered that they cannot be 
used in relation to the last occurrence or first occurence of a tempera-
ture. They are useful only to show the probabilities of different temper-
atures occurring on a given day, not before or after a given date. 
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Clear Lake, Iowa, 1950 to 
1962. Zoology aid 
Entomology 
HILLERS, JOE KARL 
The effects of inbreeding 
and selection in a closed 
Guernsey Herd. Animal 
Science 
HILLSON, MERLE TRUMAN 
Dry matter accumulation 
and moisture loss during 
maturation of corn grain 
Agronomy 
HIRT, WILLIAM JAMES 
An application of the method 
of characteristics to the 
design of the expansion-
deflection nozzle. 
Aerospace Engineering 
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HOAGE, TERRELLRUDOLPH 
Larval responses of two 
genetically different lines of 
Apis inellifera L. to varying 
doses of Bacillus larvae White 
spores. Zoology and 
Entomology 
HOERNER, THOMAS ALLEN 
Relation of high school 
vocation agriculture to achieve-
ment in .Agricultural Engineering 
courses at Iowa State University 
of Science and Technology. 
Vocational Education 
HOGANSON, EDWARD DERMOT 
Photochemical conversions of 
3, 5, 7- trimethyl- l-azacyclohepta-
4, 6-diene-2-one and 1, 2, 5, 7-
tetramethyl-1-azacyclohepta-
4, 6-diene-2-one. Chemistry 
HORNEY, DA YID CHRIS 
Friction parameters for un-
lubricated plastic journal 
bearings. Mechanical 
Engineering 
HSIEH, MING CHIH 
Review of rotation charac-
teristics of reinforced concrete 
plastic hinges. Theoretical 
and Applied Mechanics 
HUNT, JERRY DONALD 
Disproportionation of Ethyl-
methylmercury. Chemistry 
HUNT, LARRY KEITH 
N-methyl-2-pyrrolidone as a 
polarographic solvent. 
Chemistry 
HUTCHINGS, THOMAS JOE 
Some linear compressibility 
measurements on solids. 
Physics 
HUTCHINSON, LEA ROY 
The he mo dynamics of the 
isolated pregnant uterus 
of the cow (Bos taurus). 
Veterinary obstetrics 
!SOBE, MINORU 
The effect of climatic variables 
on the leaf-nitrogen composition 
of Corn. Agronomy 
JENSEN, RONALD CHRIS 
Investigations of fluothane 
anesthesia in the horse. 
Veterinary Medicine and 
Surgery. 
JESS, MARTHA GARDNER 
Pupil opinions of high-
school guidance programs. 
Vocational Education 
JETTON, THOMAS CLARK 
The conditions of entry into 
farming in Iowa: 1959-1960. 
Economics and Sociology 
JEW, TERRY TING 
Magnetic anisotrophy in 
dysprosium single crystals. 
Physics 
JOHNSON, BILLIE REED 
Association of seven values 
with choice of floor coverings 
in new farm homes. 
Home Management 
JOHNSON, CLAUDE DERRELL 
Behavior of reinforced con-
crete beams with high per-
centages of longitudinal 
reinforcement. Civil 
Engineering 
JOHNSON, DALE ALFRED 
Air flow through small 
diameter restrictions. 
Mechanical Engineering 
JOHNSON, ROBERT ALAN 
E.ffect of levels of fortifica-
tion in economical growing-
finishing swine rations. 
Animal Science 
JOHNSON, ROBERT WALLA CE 
A gated continuous-wave 
two-head sonic anemometer. 
Electrical Engineering 
JONES, AR THUR LOWELL 
Mass transfers in a coke-
packed column with air and 
water in counter flow. 
Mechanical Engineering 
KAYS, JACK CLARK 
Gamma field in water 
surround a duct containing a 
source. Nuclear Engineering 
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KENYON, AUSTIN F. 
Effects of harvesting and 
storage procedures on 
growth of rose plants in 
containers. Horticulture 
KEPLER, JACK ELLSWORTH 
Japanese larch provenance 
trials in Eastern Iowa . 
Forestry 
KERN, WILLIAM GORDON 
Continuous countercurrent 
extraction of sugar beets. 
Chemical Engineering 
KESKINEL, AYFER 
Determination of oxidative 
changes in raw meats by the 
2-thiobarbituric acid method. 
Dairy and Food Industry 
KIM, HEUNG T AE 
Discharge coefficient of 
sharp-edged inlet orifices. 
Mechanical Engineering 
KIRMSE, DALE WILLIAM 
Generalization of stochastic 
models describing turbulent 
motion. Chemical Engineering 
KLOOS, WESLEY EDWIN 
A biochemical and physiological 
study of presumed pleiotropic 
effects of the yellow and white 
mutants in Drosophila simulans 
and D. melanogaster. 
Genetics 
KOPECKY, KENNETH JOSEPH 
The plane problem of elasticity 
for the semi-circle. 
Mathematics 
KORSLUND, MARY KATHERINE 
Taste sensitivity and eating 
behavior of nursery school 
children. Food and Nutrition 
KRAGT, CLIFFORD LEE 
Utero-ovarian relationships 
in the rat. Animal Science 
KRUEMPEL, KENNETH CHARLES 
A hall effect wattmeter for 
operation at 10, 000 cycles per 
second. Electrical Engineering 
LAGE, DAVID PAUL 
Influence of clipping, planting 
method, ·nitrogen and soil 
conditioner on the growth 
of Kentucky Bluegrass. 
Horticulture 
LOKERSON, DORIS ANNE 
Fine motor development of 
blind children. 
Child Development 
LONG, BRUCE KENNETH 
Growing of bismuth single 
crystals. Chemical 
Engineering 
LONG, ST AN LEY ARNOLD 
Effects of grain boundary 
orientation on the room 
temperature ductility of 
sodium chloride. 
Ceramic Engineering 
LUCAS, JAMES EDWARD 
The use of lead sulfide 
photoconductors in infrared 
absorption hygrometers. 
Electrical Engineering 
LUCAS, MILDREDKAY 
A diagnostic test of student 
knowledge of concepts used 
in home management. 
Home Management 
LUCIE, VIRGINIA MAY 
Physical and chemical factors 
affecting the hemolytic 
activity of Newcastle Disease 
virus. Biochemistry and 
Biophysics 
Mc DONALD, MARTHA LU 
Studies of the anaerobic 
photo reduction of riboflavin 
and its analogs. 
Biochemistry and Biophysics 
Mc FARLAND, VERN L. 
Quantitative evaluation of 
insect predators found on 
corn. Zoology and Entomo-
~ 
Mc MAHON, WILLIAM RA YMONI 
High temperature spectral 
emissivity of some ceramic 
oxides. Ceramic Engineering 
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Mc QUAIG, MATTIE ELLA 
Nature and effects of political 
coverage in community news-
papers in four Iowa population 
loss areas. Technical 
Journalism 
MACHA, ROGER LEE 
Propagation studies with 
the runnerless strawberry. 
Hcrticulture 
MAHDI, MAHMOUD AHMED 
Mortality of some species of 
fish to toxaphene at three 
temperatures. 
Zoology and Entomology 
MAK, SCOTTY YUNG CHUN 
Catalysis of the autoxidation 
of carbanions. Chemistry 
MAR, EVELYN 
Responses of selected hepatic 
enzymes to protein depletion 
and food restriction. 
Food and Nutrition 
MARCINIAK, THOMAS JOSEPH 
Effect of a perforated plate 
on the flow of air bubbles in 
a quiescent liquid. 
Nuclear Engineering 
MARTIN, MARCELLA LEVONE 
The sale of used clothing in 
Ames, Iowa. 
Textiles and Clothing 
MAYROSE, VERNON BERNARD 
Effect of an antibiotic and 
protein source on swine re-
production. Animal Science 
MENGIDO, RODOLFO MIGUEL 
Random walk methods in 
sequential analysis. 
Statistics 
MENTE, GLEN ALLEN 
Effect of an androgen 
(Halotestin) on performance 
and carcass characteristics 
of swine. Animal Science 
MILLS, PHILIP MASON 
Response errors associated 
with reported farm acreages. 
Statistics 
MILLS, ROBERT MANSFIELD 
Flux perturbation by gold 
foils. Nuclear Engineering 
MINDEN, ARLO JAMES 
Land, labor, capital and 
management in Iowa farming. 
Economics and Sociology 
MOGENSEN, HANS LLOYD 
Developmental anatomy of 
the seedling of Quercus 
velutina Lam. 
Botany and Plant Pathology 
MOORE, WILLIAM JOSEPH 
Studies of carbonate aggre-
gate reactions: Expansion 
behavior; Environmental 
effects; Concrete Matrix 
Investigations. Geology 
MORRIS, JESSE TURNER 
Beliefs and valuations of 
farm organizations as re-
lated to agricultural policy 
conflict. Economics and 
Sociology 
MORRISON, BRENDA JANE 
Stochastic Linear Pro-
gramming with reference to 
economic models. 
Statistics 
MUNDT, MARGARET ROSE FUCHS 
Extended two point runge-
kutta type solution of ordinary 
duferential equations. 
Mathematics 
MYERS, JR., VICTOR SHANK 
The age and manner of closure 
of various epiphyses and 
other centers of ossification 
in the front limb of the 
domestic horse (Eguus ca-
ballus). 
Veterinary surgery and 
Medicine 
NAREM, HARLAND JAMES 
Evaluation of the Winfield-
Mt. Union cu:rriculum. 
Vocational Education 
NEAL, RICHARD ALLAN 
Black and white crappies in 
Clear Lake, Iowa, 1950-1961. 
Zoology and Entomology 
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OKIISHI, THEODORE HISAO 
Fluid velocity distribution 
in smooth annuli. 
Mechanical Engineering 
ORTIZ-CERECERES, JOAQUIN 
Evaluation of synthetic 
populations developed from 
Krug Yellow Dent Corn by 
two systems of recurrent 
selection. Agronomy 
PANKRATZ, HENRY STUART 
Fine structure of the blue-
green alga, Symploca muscorum. 
Cell Biology 
PAUL, GEORGE STEPHEN 
Study of the rare earth metal 
propionate complexes. 
Chemistry 
PETERSEN, ERROL DUANE 
The location of turkey pro-
cessing facilities in Iowa 
and their effect on processing 
and procurement costs. 
Economics and Sociology 
PETHERAM, HARRY HOMER 
Osmotic and activity co-
efficients of some aqueous 
rare-earth chloride solutions 
at 25° C. Chemistry 
PEYTON, GAYLON AVRON 
An electron microscope study 
of Peronospora manshurica 
on Glycine max. 
Cell Biology 
PHILIPSZ, MARY LIGUORI 
Relationship of Hip area 
measurements, body 
silhouettes, and figure 
types. Textiles and 
Clothing 
PIERSON, BION LEE 
De-orbit trajectories for a 
specified reentry flightpath 
angle. 
Aerospace Engineering 
PINEIRO, MAR TIN ENRIQUE 
Seeding year managment of 
nurse crop combinations in 
alfalfa and birdsfoot trefoil 
establishment. Agronomy 
POLO, RICHARD JOSEPH 
Space frame for column-
free storage type structures. 
Civil Engineering 
POWERS, WILLIAM LEROY 
Relation of moisture 
evaporation to capillary 
alterations in soil. 
Agronomy 
RAMSEY, FRED LA WREN CE 
Some fiducial prediction 
problems. Statistics 
RAU CH, VERNON LEWIS 
Prediction of achievement 
of students in Bremen High 
School. Vocational 
Education 
RECTOR, GARY DONAL 
A digital design aid program 
for utilization of a logic 
module system. 
Electrical Engineering 
REPP, DENNIS ALLEN 
The role of credit in capital 
accumulation by beginning 
farmers. 
Economics and Sociology 
REYNOLDS, JAMES BLAIR 
Life history of Smallmouth 
Bass, Micropterus 
dolomieui Lacepede, in the 
Des Moines River, Boone 
County, Iowa. 
Zoology and Entomology 
RICHARD, JOHN LEE 
Studies on the possible 
transmission of Trichophy-
ton equinum by the common 
stable fly. 
Bot·any and Plant Pathology 
RIGNEY, DAVID VINCENT 
Activity of calcium dis solved 
in calcium chloride. 
Metallurgy 
RITZ, PHILLIP WARREN 
Historical review and 
analysis of the Iowa State 
Daily business operation 
from 1947 to 1962. 
Technical Journalism 
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RIVERA-CRUZ, EDUARDO 
Some immunological 
aspects of Newcastle Disease 
virus. 
Veterinary bacteriology 
ROBBINS, LANNY ARNOLD 
Reductive decomposition of 
gypsum in a fluidized bed 
pilot plant. 
Chemical Engineering 
ROBINSON, JR., GILBERT W. 
Effects of mean stress and 
stress concentration on 
fatigue strength of steel. 
Mechanical Engineering 
RODERICK, GILBERT LEROY 
Use of polystyrene for soil 
stabilization. 
Civil Engineering 
RODGERS, PAUL LOUIS 
Estimates of genotype x 
environment variances for 
attributes associated with 
grain yield of oats. 
Agronomy 
ROHWEDER, ALICE JOYCE 
Children's knowledge and 
extended interest experiences. 
Child Development 
ROSLIEN, DAVID JOHN 
Blood parasite occurrence 
in Iowa quail. 
Zoology and Entomology 
ROWE, ALVIN GEORGE 
The effect of shear deforma-
tion on analysis and continuity 
and prismatic and non-
prismatic members. 
Theoretical and Applied 
Mechanics 
SACKETT, ROBERT NELSON 
A graphical determination 
of the W -plane poles and 
zeroes of an S-plane trans-
fer function. 
Electrical Engineering 
SALAM, ABDUL 
Storage of aqua ammonia 
under an oil seal. 
Chemical Engineering 
SAMPSON, JR. OTTO CARLO 
Adjustments of farm and 
urban migrant families in 
Des Moines, Iowa. 
Economics andSociology 
SANDER, DUANE ELLISON 
Some electromagnetic pro-
perties of physiologically 
important fluids at very 
high frequencies. 
Electrical Engineering 
SANDER, WENDELL BECK 
Electronic techniques for 
long-term voltage storage. 
Electrical Engineering 
SCHARPF, JR. LEWIS GEORGE 
Estimation of and certain 
factors affecting the extract-
ability of turkey muscle 
proteins. Poultry Science 
SCHERTZ, MARIE 0 1 BRIEN 
Measurement of parental 
knowledge of development in 
early childhood. 
Child Development 
SCHILMOELLER, NEIL H. 
Effect of anode-cathode 
separation angle on perform-
ance of a thermionic con-
verter. 
Mechanical Engineering 
SCHREINER, DEAN FREDERICK 
Regional adjustments in thtt 
meat industry to changing 
teshnology and consumer 
demand. 
Economics and Sociology 
SCHRUNK, DAVID GRAHAM 
Engineering studies of blood 
glucose regulation. 
Science 
SCHWANKE, ROLAND KARL 
The interrelationships of 
plant population, soil 
moisture and soil fertility in 
determining corn yields on 
Colo clay loam. 
Agronomy 
SCHWENK, LILLIAN CASLER 
Teacher certification re-
quirements in Driver 
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Education. 
Vocational Education 
SEIDEL, BRUNHILDE FRANZISKA 
Relation of physical, chemical 
and sensory evaluations of 
roast beef quality to the 
fatness of beef carcasses. 
Food and Nutrition 
CONRADS, LORENZOSERRA 
Structural analysis con-
sidering shear deformation. 
Theoretical and Applied 
Mechanics 
SHELBY, DONALD R. 
Sperm production in the 
rabbit after exposure to 
X-irradiation. 
Animal Science 
SHELLENBARGER, JEROME CLAIR 
Rejection filters using an 
exponential RC transmission 
line. 
Electrical Engineering 
SHOULTZ, WERNER WILLIAM 
Resonant beam extraction 
in fixed field alternating 
gradient accelerators. 
Physics 
SIMONS, KENNETH KAY 
Statistical procedures for 
estimating dry matte ,. 
consu med by grazing 
animals. Statistics 
SIMPSON, DAVID LENZ 
Roots of polynomials by 
a companion matrix method. 
Mathematics 
SIMPSON, OCLERIS 
Some physiological responses 
of growing swine and poultry 
to methimazole. 
Animal Science 
SIS, RAYMOND FRANCIS 
Polytetrafluroethylene 
and reconstructive surgery 
of the canine external 
acoustic meatus. 
Veterinary Medicine and 
Surgery 
SK RIV ANEK, JOHN DAVID 
Effects of certain mito-
chondrial enzyme inhibitors 
on development of the down 
feather. 
Zoology and Entomology 
SMAT, ROBERT JOSEPH 
Sy nthesis and elimination 
reactions of cyclopentanol 
and its derivatives. 
Chemistry 
SMITH, DOLORES D. 
Creative fabric designs ; 
especially for women 60 
years and older. 
Applied Art 
STREETER, TOMMY DEAN 
A biquadratic field. 
Mathematics 
STROHMEYER, DAVID LA VERNE 
An evaluation of artificial 
potholes in marsh manage-
ment. 
Zoology and Entomology 
SUTTER, GERALD RODNEY 
Factors influencing larval 
growth rates of resistant 
and susceptible lines of 
Apis mellifera L. to 
American Foulbrood Disease. 
Zoology and Entomology 
TANUDIMADJA, KUSMAT, D. V . M. 
The arterial supply of the 
digestive and reproductive 
tracts of the sheep. 
Veterinary Anatomy 
TEDESCHI, JOSEPH RAYMOND 
Phase transitions under 
pressure in the ammonium 
halides. Science 
TENER, ROBERT KINLEY 
Load effects of a nuclear 
blast on underground struc-
tures. 
Theoretical and Applied 
Mechanics 
TENNANT, JERRY RONALD 
Compact automatic blood 
pressure sampling system. 
Electrical Engineering 
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THOMPSON, DAVID DEAN 
Applications of a variable-
channel queuing model. 
Industrial Engineering 
THOMPSON, JOHN DARRELL 
Construction and operation 
of a small cyclotron. 
Physics 
THOMPSON, WILTON PHELAN 
Changes inthe long-run 
demand for and supply of 
pork. 
Economics and Sociology 
TOBEY, MALCOLM DAVID 
Convex functions. 
Mathematics 
TOFFER, HANS 
New design of a completely 
automated high precision 
curved-crystal spectrometer. 
Physics 
TRAVER JR., ALFREDELLIB 
Optimization of a pneumatic 
bang-bang servomechanism 
by Analog techniques. 
Mechanical Engineering 
TRIPP, DAVID AR THUR 
Photoproton reaction in 
Lithium-7. 
Physics 
TRIPP, MARCIA JEANNE 
,The action pattern of 
bet-a-amylase on malto-
saccharides at various 
pH values. 
Biochemistry and Biophysics 
TSOUKATOS, MARIOS PANAYIOTIS 
Solvent extraction of pro-
tactinium-233 from sulfuric and 
sulfuric -hydrochloric acid 
solutions. Science 
V ANDENDRIES, RENE ISIDOOR 
International trade in leaf 
tobacco. 
Economics and Sociology 
VANDOREN, JAMES ROBERT 
Interlaced markov chains. 
Mathematics 
VANICEK, CHARLES DAVID 
Life history studies of the 
sauger, Stizostedion 
canadense (Smith), in 
Gavins Point Reservoir. 
Zoology and Entomology 
VAUGHAN, HARRY CHAMBERS 
Development of a single 
beam infra-red hygrometer. 
Science 
VAWTER, RAYMOND MACY 
Elev ation and frequency of 
occurrence of floods in 
Squaw Creek Basin in Ames, 
Iowa. 
Civil Engineering 
VELA CARDENAS, MARIO 
Relative survival of three 
oat stem rust races in pure 
and mixed host populations. 
Botany and Plant Pathology 
VENTEICHER, LEROY PAUL 
Application of piezoelectri-
city to the construction of a 
balanced modulator. 
Electrical Engineering 
VICKERY, MERRIANNE JANE 
Some factors which influence 
the production of lamb in 
Southern Iowa. 
Animal Science 
VIV ADO PIZARRO, MANUEL 
Differences in weaning 
weights of purebred and 
crossbred beef calves in 
Argentina. Animal Science 
VOLKER, ROGER PAUL 
Diatoms from the plankton 
of Lake East Okoboji, Iowa. 
Science 
VOSS, MARGARET MITCHELL 
Variables for study of farm 
family goals with implica-
tions for agricultural 
adjustment. 
Home Management 
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WAGES, SHERRIE RAYMOND 
Analog computer simulation 
of distillation column dynamics . 
Chemical Engineering 
WALSH, EDWARD MARY 
Economics of nuclear power 
for Iowa. 
Nuclear Engineering 
WARLAND, REX HOVEY 
Personal influence: The 
degree of similarity of those 
who interact. 
Economics and Sociology 
WENDT, RICHARD HAROLD 
Emission spectrometric 
determination of sodium 
and lithium in Tungsten 
bronzes. Chemistry 
WHITNEY, THOMAS MICHAEL 
Loop antennas for biomedical 
radiotelemetry. 
Electrical Engineering 
WILLIAMS, ROBERT EVAN 
Comparative study of golden 
hamsters and albino rats 
in an avoidance conditioning 
situation. Psychology 
WILSON, DAVID GLENN 
Analysis of overlap integrals 
between atomic orbitals. 
Physics 
WILSON, HAROLD JENKINS 
An electron microscopic 
study of cell division in 
Chilomonas paramecium. 
Cell Biology 
WINKELMAN, CARL HAROLD 
Evaluation of inverse integral 
transforms without contour 
integration. 
Mathematics 
WINKLER, BRUCE CONRAD 
Photochemical studies on 
unsaturated eight-membered 
carbocycles. Chemistry 
WOLF, CAROL KAY 
The American artist-
craftsman, His philosophy 
and his studio. 
Applied Art 
YAO, LINDA LING- YUN 
Effect of dietary lipids on 
serum lipids and fatty acids 
in the young bovine. 
Biochemistry and Biophysics 
YATES, ROBERT EUGENE 
A factorial study of the 
meaningfulness associated 
w ith randomly-derived 
visual stimuli. Psychology 
YODER, JAMESTHURLAND 
Physical fitness in the con-
fined dog: Criteria and 
monitoring of muscular 
performance. 
Veterinary Medicine and 
Surgery 
YODER, RALPH DANIEL 
The effects of soluble 
silica upon the nutrition of 
ruminants. Animal Science 
YOO, HEE JOON 
Applications of United States 
public housing programs to 
Korea. 
Architectural Engineering 
ZIEBARTH, OR VILLE VERNON 
Studies of aluminum boro-
hydride and aluminum boro-
hydride trimethylamine. 
Chemistry 
ZWEIFEL, JAMES ROGER 
Statistical analysis of 
experiments on the efficacy 
of anesthetic drugs used in 
childbirth. Statistics 
ZYZANSKI, STEVE JERRY 
Analysis of variance applied 
to factors which do not have 
comparable scales. 
Psychology 
INDEX TO DOCTORAL DISSERTATIONS BY AUTHORS 1 
Degree Doctor of Philosophy 
1962--1963 
The theses are listed in alphabetical order by names of authors. 
Each listing includes the name of the author, the title of the thesis, and 
the department. 
ABRAMS, RAUL 
Variation in quantitative 
characters of oats (Avena 
sativa) after differen_t __ 
mutagen treatments. 
Agronomy 
ALSTAD, JOHN K. 
The magnetostriction of 
gadolinium and holmium 
single crystals. 
Physics 
ANDERSEN, JAY CLARENCE 
Optimal farm plans and 
normative supply schedules 
for milk and competing pro-
ducts in Northeastern Iowa. 
Economics and Sociology 
ANDERSON, CARL ANDREW 
Quantitative chromatographic 
separation of total organic 
phosphorus from soil extracts. 
Agronomy 
ANDERSON, JAMES ROBERT 
The fermi surface of lead. 
Physics 
ANDERSON~ RONALD MYLES 
Solutions of mixed type 
partial differential equations. 
Mathematics 
ARNOLD, RICHARD WARREN 
Silans in some brunizem 
soils. Agronomy 
ASKELSON, CURTIS EVERETT 
Amino acid supplementation 
of a corn- soybean oil meal 
chick ration. 
Poultry Science 
AUD EH, NADEEM FAW ZI 
Traveling-wave parametric 
amplifier using thin film. 
Electrical Engineering 
BATES, DARYL STOKESBURY 
Assimilation of COz by 
Bacteria. Bacteriology 
BERESKIN, BEN 
Effects of genetic and 
environmental variance on 
dairy sire evaluation. 
Animal Science 
BHATTACHARYA, SUJIT KUMAR 
The structures of certain 
base-catalyzed condensation 
products. Chemistry 
BOND, PAUL RILEY 
Secondary breakdown in 
transistors. 
Electrical Engineering 
BORDEN, GEORGE WAYNE 
I. Rearrangement in Borate 
Pyrolysis II. Photochemi-
cal transformations of 
cycloheptadienes and cyclo-
heptatrienes. Chemistry 
BORGMAN, ROBERT PETER 
Soil temperature-moisture 
relations of pink root of 
onions. Botany and Plant 
Pathology 
BRIDGER, ROBERT FREDERICK 
Directive effects in abstrac-
tion reactions of the phenyl 
radical. Chemistry 
1 A circulating copy of each complete thesis is available in the .Iowa 
State University Library, Ames, Iowa. Abstracts of these thesis are 
published. in Dissertation Abstracts. A microfilm or a photostat copy 
of a thes~ may be purchased from Dissertation Microfilms, 313 N. 1st 
Ave., Ann Arbor, Michigan. 
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BROWN, DONALD EDWIN 
Generation comparisons in 
t w o synthetic variet i es of 
orchardgrass. 
Agronomy 
BROWN,. RUSSELL VEDDER 
Blood group studies in fiv e lines 
of white leghorns selected for 
single quantitative traits. 
Poultry Science 
BRUMBAUGH, JOHN A. 
A study of the genetic control 
black-red pigment patterns 
in the fow 1. Genetics 
BUNKER, REED CHARLES 
Seedling resistance of corn 
to leaf feeding of the 
European corn borer, 
Ostrinia nubilalis. 
Agronomy 
BUZZELL, RICHARD IRVING 
Inheritance of time of 
flowering in Lotus 
corniculatus. 
Agronomy 
BYRNE, GEORGE DENNIS 
Pseudo runge-kutta methods 
involv ing two points. 
Mathematics 
CALDWELL, BILLY EDWARD 
E valuation of selection indices 
and of random and phenotypic 
selection in soybean hybrid 
populations. Agronomy 
GALENTINE, ROBERT LELAND 
The life cycle of Archigetes 
iowen sis (Cestoda: Caryo-
phyllidea). Zoology and 
Entomology 
CARNEY, RICHARD WILLIAM 
Derivatives of aromatic 
res in acids. Chemistry 
CARR, ROBERT HAMILTON 
Use of mutual inductance 
techniques to measure 
thermal expansion at low 
temperatures. Physics 
CASEY, JOHN WESLEY 
An appraisal of the public 
community colleges 
in Iowa. 
Vocational Education 
CHANG, TIEN DING 
Studies on the aneuploids of 
Av ena sativa L. Genetics 
CHAO, CHING-YUAN 
Dynamic and nonlinear pro-
gramming for optimum 
farm plans in Taiwan. 
Economics and Sociology 
CHRISTIANSEN, WILLIAM CLEVE 
Nutrient and other environ-
mental influences upon rumen 
protozoa! growth and 
metabolism. 
Animal Science 
CIRCEO, LOUIS JOSEPH, JR. 
Abbreviated freeze-thaw 
test procedures for soil-
cement mixtures. 
Civil Engineering 
COLLINS, WILLIAM KERR 
Ear shoot development and 
performance of two-ear 
types of corn belt maize. 
Agronomy 
CONOVER, DA YID FOX 
Invasion of stump sprouts 
by Ceratocystis fagacearum. 
Botany and Plant Pathology 
CRANE, ROGER LYLE 
Stability and local accuracy 
of numerical methods for 
ordinary differential 
equations. Mathematics 
CROOK, JAMES MATTHEW 
Radiochemical studies of 
some pile-neutron fission 
yields of thorium-232. 
Chemistry 
CUNNINGHAM, VIRGIL VNAYNE 
Factors that influence 
hatching in Diabrotica 
longicornis (Say) • Zoology 
and Entomology 
CURTIS, RALPH WENDELL 
Reaction of hydrogen with 
solutes in metals. 
Metallurgy 
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DALE, JOHN MART 
Study of metal-I, 
10-phenanthroline complex 
equilibria by potentiometric 
measurement . Chemistry 
DAUGHTON, JAMES MICHAEL 
Effects of demagnetizing fields 
on the measurements of 
dispersions of magnetic 
anisotropy in thin ferro-
magnetic films. 
Electrical Engineering 
DAY, JR., EDGAR 
Infrared spectra of 
n-monoaryl amides. 
Chemistry 
DECKERT, KENNETH LAUREL 
Solutions for nonlinear 
diffusion equations with 
integral type boundary 
conditions. Mathematics 
DELISLE, DONALD GORDON 
Taxonomy and distribution 
of the genus Cenchrus. 
Botany and Plant Pathology 
DEMIREL, TURGUT 
Adsorption of Water Vapor 
by sodium and calcium 
montmorillonites. 
Civil Engi~ering 
DOIDGE, JEROME G. 
Parametric dev ices using 
magnetic thin films and 
thin disks of Yttrium iron 
garnet. 
Electrical Engineering 
EDWARDS, CAROL BATES 
Multivariate and multiple 
pois son distributions. 
Statistics 
EIK, KALJU 
Some factors affecting 
leaf development and 
longevity and the sub-
sequent yield of corn grain. 
Agronomy 
EILERS, KENNETH LEE 
Synthesis a n d reactions 
of substituted cyclopropanols. 
Chemistry 
ENGEBRETSON, GORDON ROY 
The crystal structure of Bis 
(meta-chlorobenzoyl) 
methane. Chemistry 
ETHINGTON, ROBERT LOREN 
Time-related mechanical 
behavior of red oak in ten-
sion and compression 
perpendicular to a longitudi-
nal-radial plane. Forestry 
and Theoretical and Applied 
Mechanics 
EVENS, FLOYD MONTE 
The new technique for the 
determination of oxygen and 
nitrogen in steel. 
Chemistry 
EWING, KEITH LOWELL 
Herm.tological effects in 
C;7BL/6 . mice fed selected 
Tweens. Zoology and 
Entomology 
FANSLOW, GLENN ELLSWORTH 
A magnetic film low frequency 
parametric amplifier. 
Electrical Engineering 
FARQUHAR, EDWARD LEROY 
The infrared spectra of 
primary aromatic amides. 
Chemistry 
FRADKIN, DAVID MILTON 
Scattering wave function for 
a dirac particle. Physics 
FRENCH, JR., FRANK ELWOOD 
Biology and morphology of 
Dermodex. 
Zoology and Entomology 
GARLICK, GEORGE FORREST 
Reverse transient of a P-N 
junction. Electrical 
Engineering 
GENSUROWSKY, WALTER 
Integration of input-output 
and programming in land 
resource supply analysis. 
Economics and Sociology 
GIBBONS, JAMES R. 
Costs, economies of scale 
and alternative production 
methods in steer feeding in 
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relation to over-all farm 
resource use. 
Economics and Sociology 
GILL, JOHN LESLIE 
Effect of population size, 
selection intensity, linkage 
and non-additive variability 
upon genetic change in simulated 
populations. 
Animal Science 
GRAHAM, JOHN ELWOOD 
Rotation designs for sampling 
on successive occasions. 
Statistics 
GRANTHAM, DANIEL HARRISON 
Relaxation phenomena in the 
electrical double-layer. 
Chemistry 
GRIFFIN, JAMES EDWARD 
Photoneutron resonances in 
oxygen 16. Physics 
HARRINGT ON, DAVID NOBLES 
Statistical analysis of corn 
storage costs - Iowa elevators. 
Economics and Sociology 
HART, JOHN HENDERSON 
Development of wound 
heartwood in Iowa hardwoods. 
Botany and Plant Pathology 
HEIFNER, RICHARD GLENN 
The conservation reserve 
program as a means of con-
trolling agricultural pro-
duction. 
Economics and Sociology 
HEISKALA, VICTOR HENRY 
Vapor condensation under 
non-equilibrium conditions. 
Nuclear Engineering 
HEMMERLE, WILLIAM J. 
The logical structure of 
a.nalysis of variance and it s 
implementation on digital 
computers. Statistics -
Mathematics 
HILDEBRAND, SHELBY KEITH 
Connectivity functions. 
Mathematics 
HOBBS, DARYLJEROME 
Value and attitude prediction 
of differential farm 
management ability. 
Economics and Sociology 
HOCKING, RONALD RAYMOND 
Mathematical programming 
in statistical estimation 
theory. Statistics -
Mathematics 
HOLLEN, EVELYN 
Estimations of the daily 
energy expenditure of 
women from records of 
activity and of pulse rate. 
Food and Nutrition 
HONG, KI CHOONG 
Synthesis of phosphorus 
nitride related high analysis 
fertilizers. 
Chemical Engineering 
HORTON, MAURICE LEE 
Soil compaction and corn 
growth under controlled 
moisture conditions. 
Agronomy 
HOWE, TREVOR G. 
Pilot study of v ocational-
technical education in t we lve 
North Iowa counties. 
Vocational Education 
HOVERSTEN, ESTIL VERNON 
Performance of a phase 
modulation system using 
M-level codes. 
Electrical Engineering 
HWANG, RICHARD NI-CHONG 
Effect of cavities on neutron 
diffusion. 
Nuclear Engineering 
IHNEN, LOREN ALBERT 
Income opportunities from 
full-time farming in South 
Central Iowa. 
Economics and Sociology 
IRVINE, BARRY ROBERT 
Germination and respiration 
of Puccinia coronata 
uredospores. 
Botany and Plant Pathology 
ITO, AKIHIKO 
Directive effects in aliphatic 
chlorinations. Chemistry 
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JOHNSON, BRUCE LELAND 
Dynamic response characteristics 
of fluid transmission lines. 
Mechanical Engineering -
Electrical Engineering 
KELSH, DENNIS JOSEPH 
The deformation of the 
electrocapillary curve due 
to adsorption or organic 
molecules. Chemistry 
KING, LOWELL AL VIN 
Electrochemical processes 
in fused salts. Chemistry 
KLEESE, ROGER ALLEN 
Serological predictions of 
genetic relationships among 
oat varieties and corn inbreds. 
Agronomy 
KLINE, JACOB 
A biomedically engineered 
myocardial prosthetic system. 
Electrical Engineering 
KOPOOSHIAN, HAIG ARTIN . 
Seed character relationships 
in the leguminosae. 
Bot any and Plant Pathology 
KUST , ROGER NAYLAND 
A study of the nitrate ion 
dissociation in fused 
nitrates. Chemistry 
LAMBERT, WARREN GEORGE 
Optimization of the range of an 
unpowered space vehicle sub-
jected to an aerodynamic 
heating constraint. 
Theoretical and Applied 
Mechanics 
LANTZ, RONAL~ BRUCE 
Quantum effects in the 
calculation of the transmission 
coefficient as applied to re-
action rate constants. 
Chemical Engineering 
LAYTON, EDGAR MILLER 
Theoretical analysis of the 
chemical bond in diatomic 
hydride molecules. 
Chemistry 
LEE, ILBOK 
Bio-assay with quantal 
responses observed at 
different times. Statistics 
LEIBHOLZ, JANE MATHILDE 
Potassium, protein and 
basic amino acid inter-
relationships in the baby 
pig. Animal Science 
LERIBAUX, HENRI ROMAIN 
Stochastic processes in 
coupled nuclear reactor 
cores. 
Nuclear Engineering 
LEVINE, LAWRENCE HARVEY 
Some aspects of L-amino 
acid oxidas e catalysis. 
Chemistry 
LEWIS, RICHARD MULLINGTON 
Control of loose smut of 
barley. Botany and 
Plant Pathology 
LEWISH, WILLIAM THOMAS 
Linear estimation in convex 
parameter spaces. 
Statistics 
LINK, DAVID ALAN 
Weather probabilities 
affecting machine system 
capabilities. 
Agricultural Engineering -
Mathematics 
LORIO, JR., PETER LEONCE 
Tree survival and growth on 
Iowa coal- spoil materials. 
Forestry - Agronomy 
LUTZ, GOERGE JOHN 
A radioactive tracer dew 
point method for measuring 
vapor pressures of binary 
alloys. Chemistry 
LYSEN, JOHN CLIFFORD 
Flow in pump and compressor 
inlet passages. 
Mechanical Engineering -
Aerospace Engineering 
MCWILLIAMS, DONALD AR THUR 
Infrared indices of refrac-
tion and reflectivities of 
Mg2Si, Mg 2Ge and Mg2Sn. 
Physics 
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MADDEN, JAMES PATRICK 
Multiple variable milk production 
functions with point and interval 
estimates of derived quantities. 
Economics and Sociology 
MANSUR, GEORGE FRANK 
Optimization of hybrid marine 
celestial-inertial navigation 
systems. 
Electrical Engineering 
MATCHES, JACK RONALD 
Complex lipids of cells and 
spores of Bacillus polymyxa 
1A39. 
Bacteriology 
MEE, JACK EVERETT 
Metal-metal halide systems 
of gadolinium and yttrium. 
Chemistry 
MERICLE, MORRIS HENRY 
Automatic interpretation of the 
clinical electrocardiogram. 
Electrical Engineering 
MERTES, FRANK PETER, JR. 
Some effects of Pu-240, 
Pu-241, and Pu-242 on the 
Pu-239 critical mass of a fast 
reactor. 
Nuclear Engineering 
MILLHAM, CHARLES BLAN CHARD 
Stochastic linear programming. 
Economics and Sociology 
MITCHELL, WILLIAM WARREN 
Variation and relationships in 
some rhizomatous species of 
My.hlenbergia. 
Botany and Plant Pathology 
MORDESON, JOHN NELSON 
Coefficient integral domains 
in commutative algebras. 
Mathematics 
MULLER, ELSIE CHRISTINE 
Generating sets for uncleft 
algebras. Mathematics 
MURPHY, JAMES ANTHONY 
Cromatographic measurement 
of gas-solid interaction 
potentials. Chemistry 
NADIG, EUGENE WARREN 
Metal nitrate complexes with 
tributyl phosphate and with 
trioctyl phosphine oxide. 
Chemical Engineering 
NICHOLS, ELMER LOREN 
Effect of cholesterol and fat 
source on serum cholesterol 
and blood pres sure levels in 
the growing chick. 
Poultry Science 
NIETO HATEM, JORGE 
Seed dormancy in Setaria 
lutescens. 
Botany and Plant Pathology 
NOACK, THOMAS LUTHER 
An optimized celestial-
inertial navigation system. 
Electrical Engineering 
NUTTER, JAMES IRVING 
Drying of air by fixed bed 
adsorption using molecular 
sieves. 
Chemical Engineering 
O' LAUGHLIN, JEROME WILLIAM 
Separation of various cations 
by reversed-phase partition 
chromatography using neutral 
organophosphorus compounds. 
Chemistry 
OLSEN, RODNEY LOUIS 
Fluorescence spectra of 
alkaline earth derivatives of 
Azo compounds. Chemistry 
OLSON, JOHN RICHARD 
Sound dispersion in sub-
stituted methane-inert gas 
mixtures. Physics 
OULMAN, CHARLES SYLVAN 
Streaming potentials in dia-
tomite filtration of water. 
Civil Engineering 
PALMER, DA YID B. 
Hydrograph development for 
agricultural watersheds 
based on point rainfall 
records. 
Agricultural Engineering -
Civil Engineering 
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PASCHALL, HOMER DONALD 
Effects of feeding emulsifiers 
on reproduction of c 57BL/6 
mice. 
Zoology and Entomology 
PEARSON, PHILLIP THEODORE 
Pathological and surgical 
evaluations of polytetrafluoro-
ethylene implants to correct 
medial patellar luxations in the 
canine species. 
Veterinary Pathology 
POST, ROBERT ELGIN 
The flat-earth approximation 
to the solution of electro-
magnetic propagation in a 
stratified terrestrial atmo-
sphere. 
Electrical Engineering 
POWERS, RONALD CLAIR 
Social power in a rural 
community. 
Economics and Sociology 
PRATHER, MARY ELIZABETH S. 
Body compcsition of women. 
Food and Nutrition 
PRESSEY, RUSSELL 
Metabolism of pectic sub-
stances by rumen bacteria. 
Biochemistry and Biophysics 
RAMACHANDRAN, MARUDARAJAN 
A structural analysis and linear 
programming within an input-
output model emphasizing 
agriculture in India. 
Economics and Sociology 
RANDHAWA, NARINDAR SINGH 
Regional programming models 
for agricultural development 
planning in India. 
Economics and Sociology 
REED, MARION GUY 
Kinetics of potassium re-
lease from biotite in solutions 
containing sodium tetra-
phenylboron. 
Agronomy 
REULAND, ROBERT JOHN 
Neutron activation analysis 
of the sodium tungsten 
bronzes. Chemistry 
RHOMBERG, EDWARD JAMES 
The effect of combined 
moment and shear on the 
formation of plastic hinges 
in reinforced concrete beams. 
Theoretical and Applied 
Mechanics 
ROBYT, JOHN FRANCIS 
Action patterns of some 
alpha-type amylases. 
Biochemistry and Biophysics 
RODDA II, JOHN LANDON 
Positron mean lives in 
metals. Physics 
ROHWEDER, DWAYNE 
The nature and productivity 
of Southern Iowa pastures as 
affected by soil type, slope, 
erosion, fertility and botani-
cal composition. Agronomy 
ROUGHAN, PAUL EDWARD 
Magnetic properties of some 
intra-rare earth alloys. 
Chemistry 
RUE, ROLLAND RAY 
Theoretical analysis of 
chemical binding in homo-
nuclear diatomic molecules. 
Chemistry 
RUNGE, EDWARD C.A. 
Influence of natural 
drainage on iron and phos-
phorus distribution in some 
Iowa soils. Agronomy 
RUST, JOSEPH WILLIAM 
Effects of supplemental 
dietary enzymes on utiliza-
tion of nutrients by calves. 
Animal Science 
SALLACH, ROBERT ALAN 
Electrical resistivities and 
magnetic susceptibilities of 
some rare earth metal-
metal halide systems. 
Chemistry 
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SAMUELS, ROBERT LYNN 
Noise characteristics of thin 
ferromagnetic film devices. 
Electrical Engineering 
SANDER, EUGENE HARRY 
Preparation of 11 natural" 
cow-milk fat globules; pre-
liminary investigation of 
materials adsorbed at their 
surfaces. 
Dairy and Food Industry 
SANSING, NORMAN GLENN 
Translocation of P 32 , N 15 
and C 14 in plants. 
Botany and Plant Pathology 
SARASW AT, DEVI SINGi-I 
Detection and significance 
of enterococci in dairy 
products. 
Bacteriology 
SCHIERMAN, LOUIS W. 
Genetic analysis of trans-
plantation immunity in the 
fowl. Poultry Science 
SCHLEGEL, JAMES MAX 
Acid-base equilibria and 
kinetics of ha late s in 
fused nitrates. Chemistry 
SCHMIDT, BERLIE LOUIS 
Relative erodibility of three 
loess-derived soils in 
Southwestern Iowa. 
Agronomy 
SCHMIDT, DONALD LEE 
Essential fixed points. 
Mathematics 
SCHUPP, GUY 
Precise measurement of the 
K-shell internal conversion 
coefficient of the 344-kev, E2 
transition in Gd152 • 
Physics 
SEATH, DONALD DWIGHT 
Vibration of an inflatable 
fabric wing model. 
Aerospace Engineering -
Nuclear Engineering 
SEGEL, STANLEY LEWIS 
A nuclear magnetic resonance 
investigation of intermetallic 
compounds of yttrium with 
iron group metals. 
Physics - Metallurgy 
SEKHON, GURCHARAN SINGH 
Soil organic phosphorus and 
the phosphorus nutrition of 
plants. Agronomy 
SHIMANUKI, HACHIRO 
In vitro and in vivo studies 
~Bacillus larv-;:;:-___ ---
Bacteriology 
SHIPPY, DAVID JAMES 
Electrical analog of the 
potential distribution in two-
dimensional unsteady-flow 
fields. Theoretical and 
Applied Mechanics 
SIMS, BENJAMIN TURNER 
Some properties and 
generalizations of semi-
metric spaces. Mathematics 
SIMS, JOHN ALBERT 
Characteristics of milking 
flow among dairy cows. 
Animal Science 
SKOLD, BERNARD HAROLD 
Spontaneous atherosclerosis 
in the arterial system of 
ageing swine. 
Veterinary Pathology 
SMAY, TERRY ALLEN 
Energy transfer properties 
of thin magnetic film logical 
elements. 
Electrical Engineering 
SMITH, EDDIE CAROL 
The photochemical degrada-
tion of riboflavin. 
Biochemistry and Biophysics 
SMITH, KEITH JAMES 
Relationship of ruminal 
calcium, magnesium, ammonic 
and total salts to the 
occurrence of bloat in lambs. 
Animal Science · 
SMITH, WILLIAM ROUSE 
Associative memory techni-
ques for large data processors . 
Electrical Engineering 
SPIELHOLTZ, GERALD I. 
Decomposition of coal with 
periodic acid plu.s perchloric 
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acid for the isolation of 
spores and for the determination 
of minor components. 
Chemistry 
STACHURA, STANLEY JOHN 
Vapor liquid equilibria in 
metal systems. 
Chemical Engineering 
STERMOLE, FRANKLIN JOE 
The dynamic response of flow 
forced heat ex changers. 
Chemical Engineering 
STOERMER, EUGENE FILMORE 
Post-pleistocene diatoms from 
We st Lake Okobojii, Iowa. 
Botany and Plant Pathology 
STUCKY, GALEN DEAN 
Molecular configurations of 
some of the solvated compounds 
of the grignard system. 
Chemistry 
T AIGANIDES, ELISEOS PAUL 
Characteristics and 
treatment of wastes from a 
confinement hog production 
unit. 
Agricultural Engineering -
Civil Engineering 
TANNER, JACK WILLIAM 
An external effect of in-
organic nitrogen on nodulation. 
Agronomy 
THOMAS, JR., ROBERT WILLIS 
Land and its resources in a 
general demand structure. 
Economics and Sociology 
THOMSON, JOAN LEIGH 
Development of integumentary 
derivatives in the chick embryo 
as studied by histochemical 
and grafting techniques. 
Zoology and Entomology 
TONE,JIM NORLAND 
Histochemical effects on 
liver from c57BL/6JAX 
mice fed selected Tweens. 
Zoology and Entomology 
TVEEKREM, JAMES OLAF 
Excitation temperatures of 
arc discharges in inert gas 
atmospheres. Chemistry 
URBAN, JR., WILLARD EDWARD 
Genetic and environmental 
aspects of litter size in 
swine. Animal Science 
VAN AARDE, IZAK MAURITZ ROHM 
Covariances of relatives in 
random mating populations 
with linkage. Stati tics 
VITOLS, VISVALDIS ALBERTS 
An electronically controlled 
delay line. 
Electrical Engineering 
VOSS, REGIS DALE 
Yield and foliar composition 
of corn as affected by 
fertilizer rates and environ-
mental factors. Agronomy 
WALLING, DERALD DEE 
Numerical methods for non-
linear least squares curve 
fitting. ·Mathematics 
WATSON, GEORGE ARTHUR 
An algorithm for geodetic 
navigation for the transit 
satellite system. 
Electrical Engineering 
WAUER, JOHN CRABLE 
A time domain study of 
speech sounds. 
Electrical Engineering 
WESTERHEIDE, DONALD EUGENE 
Separation of cadmium from 
the lead-bismuth eutectic 
by high vacuum single stage 
distillation. 
Chemical Engineering 
WEA VER, DA YID LEO 
I. Theory of particles with 
arbitrary spin. If· Photo-
production of Tm 7 3 . 
Chemistry 
WHITE, ROBERT F. 
Randomization analysis of 
the general experiment. 
Statistics 
WHITTEN, WILLIAM BARCLAY 
Elastic properties of 
magnesium silicide. Physics 
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WICKLIFF, JAMES LEROY 
The turnover of chlorophyll a. 
Botany and Plant Pathology 
WILLETT, ROGER DUWAYNE 
The crystal structures and 
magnetic properties of some 
red cupric chloride complexes. 
Chemistry - Physics 
WILLIAMSON, ROGER C. JR. 
Polar effects in free radical 
reactions. Chemistry 
YAO, YI-MING 
Effect of plant population and 
planting pattern of corn on 
radiation interception and water 
use. Agronomy 
YODER, HARRY W., JR. 
Characterization of avian 
mycoplasma. 
Veterinary Bacteriology 
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Certain summaries and indices are of interest in a survey of the 
publications of members of the staff of an educational and research 
institution such as Iowa State University. The publications listed are in 
alphabetical order under the name of the senior author. Junior authors 
are also listed alphab etically with cross r efe rence to senior author. 
SUMMARY 
Numb e r of individuals listed . . . . • . • 844 
Number of publications . . . . . . . . . 776 
Number of publications with single author. 308 
Number of publications with joint authorship , , ••• , 468 
Numb e r of departments or field represented in publications . 49 
Number of individuals who serve as editors or on the editorial 
staff of one or m or e scientific or technical periodicals. 44 
Individuals thus serving are: R. E. Atkins, L. S. Bartell, E. R. Bau-
mann, D.R. Benson, C.A. Black, D.E. Boles, J.H. Bolton, 
R.E. Buchanan, K.D. Carlander, P.A. Dahm, A. W. Davis, 
V.A. Fassel, R.H. Forsythe, H. Gilman, Carol A. Greiner, 
R.L. Handy, E.O. Haroldsen, A.O. Haugen, T.E. Hazen, J.R. 
Heer, J.C. Herman, E.A. Hicks, Candac e Hurley, D. Isely, 
W.F. Kenkel, D. Kirkham, K.L. Knight, F.A. Kutish, W.E. 
Larson, J. Lemish, W.R. Lockhart, W. E. Loomis, D. McKay, 
H.S. McNabb, R.M. Melampy, P.A. Moyer, Jr., J.B. Page, 
J. T. Pesek, W. S. Pierre, F. G. Smith, D. W. Staniforth, M. J. 
Swenson, C.R. Weber, W.C. Wildman, 
INDEX TO PUBLICATIONS BY DEPARTMENTS OR FIELDS 
Agricultural Engineering: Total 24 
Nos. 2, 50, 74, 84, 85, 95, 
304, 361, 362, 375,408,431 , 432 , 
453,482,519,522,523,586, 609, 
609, 612, 671, 726 
Agronomy : Total 89 - Nos. 1, 6, 
27, 36 , 56, 83, 101, 104, 114, 
115, 127, 146, 147, 158, 160, 161, 
1 69 , 171, 177, 181, 182, 226, 227, 
228,2 37 ,238, 239,260, 261, 276, 
303, 344, 360,367, 368 , 395 , 396 , 
404,410,415,422,423,424,425, 
426,427,428,429,430,431,432, 
464,481,490,493,500, 504, 505, 
509, 518, 521, 526, 527, 533, 552, 
567,571,598,640, 641,642,652, 
659, 668, 671, 700, 701, 705, 706, 
707, 708, 709, 71 7, 733, 734, 735, 
764, 765, 769 
Animal Science: Total 15 -
Nos. 3, 9, 10, 11, 12, 13, 
102, 103, 131, 215, 224, 388, 548, 
726, 762 
Bacteriology: Total 19 -
Nos. 30 , 32 , 33, 45 , 54, 55 , 
1 31, 135, 215, 217, 297, 397, 407, 
434,435,5 14, 520,547,548 
Biochemistry and Biophysics: 
To ta 1 14 - No s • 2 2, 2 3, 2 4, 
32, 343 , 578, 587, 654, 665, 725, 
737, 756 , 757, 758 
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Botany and Plant Pathology: 
To ta l 5 2 - Nos . 8 3, 14 8, 1 5 9, 
1 6 8' 1 7 5' 1 7 8' 1 84. 1 8 5. 1 8 8. 1 9 8 
216, 240, 277, 293, 335 , 345, 370, 
371,404,422,423,424,425,426, 
427,428,429,430,433,438,461 , 
475, 476, 477, 485, 510, 511 , 512, 
542,543, 607, 655,66 3,671, 672, 
677, 714, 731, 743, 747, 750, 751 
Ceramic Engineering: Total 1 -
No. 58 
Chemical Engineering: Total 21-
Nos. 17, 18, 19, 20, 21, 52, 
65, 66 , 67,130,137,341,501, 
513,554, 568, 674,675, 676, 748, 
749 
Chemistry: Total 52 -
N 0 s • 1 6 I 3 9. 4 3 I 44. 51 I 61 • 
73, 120, 121, 122, 123, 124, 125, 
164, 165, 166, 167, 173, 186, 199, 
207,208,245,246,247,248,249, 
250, 251, 252, 253, 256, 271, 281, 
282, 329,403,488,516,560,592, 
593, 594, 595, 596, 660 , 687, 722, 
729, 730, 760, 761 
Civil Engineering: Total 26 -
Nos. 34, 46, 4 7, 48, 49, 50, 
132, 133, 136, 156, 254, 331, 342, 
394,414,463,466,467,491, 515, 
539,540,580,643,644, 738 
Dairy and Food Industry: Total 6-
Nos. 30 , 31, 32, 217, 407, 665, 
Economics and Sociology: 
Total 115 - Nos. 25, 96, 97, 
98, 99, 138, 151, 187, 189, 219, 
220,221, 222,223, 225, 283, 284, 
285, 286, 287,288, 289, 290, 306, 
307 , 308 , 309, 310, 311, 312, 313, 
314 , 315, 316, 317, 318, 319, 320, 
321, 322, 323, 324,325, 326, 346, 
347, 348, 349, 350, 351, 352, 353, 
354, 355, 356, 357, 35 8, 382, 383, 
384, 385, 387. 392, 393 , 411, 412, 
413,441,442,443,444,454,455, 
456,457,458,459,480,572,619, 
621, 622, 623, 624, 625, 626, 627, 
628,629,630,631,632,633,634, 
635,636,645,646,647,648,649, 
650, 651, 679,680, 703, 712, 713, 
715, 716, 728, 732, 752, 754, 755. 
Electrical Enginee ring: Total 9 -
Nos. 105, 106, 150, 274, 275, 
544,545, 664, 736 
Engineering: Total 2 -
Nos. 546, 771 
English and Speech: Total 11 -
Nos. 209, 267, 268,269, 270, 
337 , 338 , 339, 365 , 379, 581 
Food and Nutrition: Total 7 -
Nos. 29, lll, 112, 192, 334, 472, 
688. 
Forestry: Total 7 -
Nos. 57, 62,240 ,678,711,739, 
740 
Genetics: Total 4 -
Nos. 340,571,604,710 
Geology: Total 7 - Nos. 5, 172, 
366,420,421,563,588 
History, Government and Philosophy: 
Total 11 - Nos. 75, 139, 272, 
273,492,584,611,653,698,702, 
727 
Home Economics Education: 
Total 2 - Nos. 334, 405 
Home Management: Total 3 -
Nos. 162, 163, 411 
Horticulture: Total 7 - Nos. 86, 
87, 88, 89, 148, 453, 525 
Hous e hold Equipment: Total 8 -
Nos. 68, 69, 369, 524, 535, 536, 
537,538 
Information Service: Total 1 -
No. 327 
Industrial'En .ineering: Total 2 -
Nos. 661, 662 
Institution Management: Total 1 -
No. 29 
Library: Total 1 - No. 51 7 
Mathematics: Total 11 -
Nos. 305, 359, 437, 439, 606, 
620,715, 744, 772, 773,774 
Mechanical Engineering : Total 5 -
Nos. 211~212,213.332, 637, 
Nuclear Engineering: Total 9 -
Nos. 149,465,494,495,496, 
497,498,499, 704 
Physics: Total 4 -
Nos. 77, 363, 416, 417 
Poultry Science: Total 7 -
Nos. 21 7, 340, 407, 462, 482, 
507,508 
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523,525,526,528,530, 533,547, 
548,561,562,567,571,578,583, 
586,604,608,609,612,629,630, 
633,634, 635,636, 640,641, 642, 
649,651,652,655,659,665;670, 
671,672,688,691,700, 703,706, 
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Nos. 157, 181, 182, 327, 361, 
362,481,482,522,523,642 
Engineering Experiment Station: 
Total 40 - Nos. 1 7, 18, 19, 
20, 21, 34, 46, 4 7. 48, 49, 
50, 65, 66, 67, 71, 76, 130, 
132, 133, 136, 155, 156, 254, 331, 
342, 394,414,463,466,467,499, 
515,539,540,568,580,637,643, 
644, 749 
Industrial Science Research 
Institute: Total 42 - _ 
Nos. 33, 91,131,135,151,159, 
172,245, 246,247,248, 249,251, 
252,253,346, 347, 348,349, 350, 
351, 352, 353, 354, 355, 356, 357, 
358,420,421,442,444,514,547, 
548,553,555,556,557,558,559, 
685 
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Institute for Atomic Research: 
To ta l 1 21 - No s . 4, 8, 1 5, 
26, 28, 35, 38, 39, 40, 41, 
42, 51, 58, 60, 63, 64, 113, 
1 2 8. 1 2 9. 1 34. 14 0. 141 • 14 3. 14 5. 
179, 180, 186, 190, 192, 200, 201, 
204,205,206,207,208,210, 214, 
218,229,230,231,232,233,234, 
235,241,242,265,266,271,328, 
330, 341, 364, 376, 377, 380, 381, 
386, 398,402,403,406,409,419, 
436,440,445,446,447,448,449, 
450,451,460,468,469,470,471, 
474,478,479,484,486,487,516, 
531, 532, 549, 550, 551, 570, 579, 
589, 590, 591, 599, 600, 605, 610, 
638,639, 658,666,667,673,681, 
682,682,684,686,689, 718, 719, 
742, 748, 759, 761, 763, 768 
Statistics Laboratory: Total 26 -
Nos. 37 , 117, 118, 119, 152, 153, 
154, 155,202,236,291, 294, 295, 
296, 333, 390, 391, 541, 553, 555, 
556,557,558,559,685,732 
Veterinary Medical Research 
Institute: Total 12 -
Nos. 292, 336,418,575,576, 
577,585,601,602,603,692,693 
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Abbink, Janet E., joint author, see under Fritz. 
Adams, F .A., joint author, see under Bethea . 
Aikman, John M., joint author, see under Ehrenreich. 
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